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The Cost of Maintenance of Cattle as Influenced 
by Condition, Previous Plane of Nutrition, 
Age, Season of the Year, Length of 
Time on Maintenance, Type, 
and Size of Animal 
P. F. TROWBRIDGE, c. R. MOULTON, L. D. HAIGH 
Under feeding lot conditions at the Missouri Agricultural Experi-
ment Station the cost of maintenance of the beef animal consists of: 
( 1) the cost of maintaining the normal functions and activities of the 
animal body; (2) the energy and matter needed to maintain the body 
in a standing position during a large part of the time; ( 3) the energy 
and matter used for locomotion and the other forms of exercise 
indulged in by the animal in a small feed lot; ( 4) the energy and 
matter needed to masticate, digest, and assimilate the food necessary 
to supply the energy and matter needed above. This study is entirely 
confined to the lump sum of the costs enumerated, no attempt having 
been made to study any one separately. 
The condition of maintenance assumed above presupposes that 
there is no change in the state of the animal under inyestigation, i. e., 
that the animal is not gaining or losing weight, that there is no change 
in the quantities of fat, protein, glycogen and other tissue substances, 
that there is no change in the quality of these tissues, that there is no 
change in the location of these tissues, and that there is no growth 
of one part of the body and wasting of another part. True mainten-
ance then is not simply a question of weight maintenance, but a question 
of weight and condition maintenance in the absence of all growth. 
Maintenance as affected by age is complicated by the fact that during 
immaturity, i. e., at a young age, there is the demand of the organism 
to grow, which demand will be satisfied partly at least in spite of the 
limited supply of a maintenance ration. Therefore in a study of main-
tenance one is limited to animals which have reached maturity if one 
is to make a study of any length and to draw reliable conclusions. 
Maintenance trials of short duration with young animals are of very 
doubtful value as a study of maintenance. On the one hand is the 
danger of drawing wrong conclusions from a short feeding period and 
on the other hand are the errors introduced by the demands of the 
animal for growth. 
(5) 
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With some of the animals considered in this experiment all of 
these undesirable factors enter into consideration. As this is but part 
of a general experiment concerning the question of how an animal 
uses its food under various conditions, conditions had to be accepted 
as they existed when the animals were on body weight maintenance 
partly from design and partly as a more or less accidental result of 
other changes. 
DESCRIPTION OF THE ANIMALS USED 
Previous Treatment and Plane of Nutrition. The animals used in 
this study were steers of the Hereford-Shorthorn cross of beef cattle, 
excepting two pure Angus steers, two pure Herefords, and some grade 
Shorthorns. 
Steers 500 to 526 inclusive were selected, when young, as uniform 
calves of good feeding type. They were full fed from birth until 
about four months old when they were assigned to groups. Group I 
was full fed and crowded, Group II was fed for maximum growth 
without laying on appreciable fat. Group III was fed for retarded 
growth-about one-half pound gain daily when yearlings. Collectively 
they were known as the "Use of Food'' group. 
Steers 18 to 197, 588 and 589 belonged to a group known as 
the "Regular Maintenance" group. Steers 18, 48, and 121 previous 
to February, 1907, had been used in a cooperative feeding experiment 
from which they were discarded. They then ran to pasture and later 
were fed alfalfa hay until used in this experiment. Steer 164 remained 
in the cooperative feeding experiment until transferred to this group. 
Steers 197, 588, and 589 had been fed as show steers until used in 
this experiment. 
The animals whose numbers run 590 and above were known as 
the "Special Maintenance" group. They were full fed until 11 months 
old when they were divided into three sub-groups, one group ( 597 and 
595) being held at maintenance, a second group ( 593 and 599) being 
allowed to gain half a pound per day, and the third group ( 591 and 
592) losing half a pound per day. Steers 590, 596, and 598 were full 
fed until February 26, 1908. Then foJlowed thirty days of sub-
maintenance or loss of weight, and then maintenance for sixty days. 
Steer 596 was then full fed for four months and nine days, put on 
maintenance for 240 days, again full fed for five months, and finally 
put on maintenance for 110 days. This trial ended one month before 
slaughtering. Steer 598, after the above treatment, for three months 
was fed a maintenance ration plus one-half the productive feed above 
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TABLE 1-DATES OF BIRTH, MAINTENANCE TmALS, AND SLAUGHTER 
A.ni- Date of Breed Date of Date of Maintenance Trial 
mal Birth Slaughter 
--
500 Mar. 2, 1907 Hereford-Shorthorn Feb. 2S, 1911 Nov. 1, 1909 to Aug. 17. 1910 
502 Mar. 23, 1907 Hereford-Shorthorn Dec. 12, 1910 May 25, 1909 to Nov. 20, 1909 
507 Mar. 18, 1907 Hereford-Shorthorn Jan. 3, 1910 Aug. 3, 1909 to .Tan. 2, 1910 
509 Mar. 20, 1907 Grade Hereford Dec. 12, 1910 Nov. 11, 1909 to Mar. 10, 1910 
512 Mar. 7, 1907 Grade Hereford Feb. 2S, 1911 Oct. 22, 1909 to Jan. 9, 1910 
.512 ........ ..... ..................... . .. .. . ... . . .. Oct. 27, 1910 to Feb. 27, 1911 
524 Sept. 20. 1907 Hereford-Angus-
Shorthorn Jan. 23, 1911 Mar. 1, 1910 to Aug. 27, 1910 
526 Sept. 26, 1907 Hereford Jan. 23, 1911 Oct. 2, 1909 to Dec. 30, 1909 
18 April 1905 Grade Shorthorn Nov. 12. 1907 Feb. 1. 1907 to Nov. 11, 1907 
48 April 1904 Grade Shorthorn Jan. 18, 1909 Feb. 1, 1907 to June 30, 1907 
121 April 1905 Grade Shorthorn Dec. 11. Hl07 Feb. 1, 1907 to July 10, 1907 
*164 April 1, 1906 Grade Hereford Nov. s. 1909 May 12, 1907 to June 9, 1909 
197 Oct. 26, 1906 Registered Shorthorn Jan. 3, 1910 Dec. 28, 1908 to Jan. 2, 1910 
588 Dec. IO, I904 Registered Angus June 30, HJlO Feb. 1. 1907 to June 29, 1910 
5S9 Sept. 9, I906 Registered Angus Dec. 20. 1909 Feb. 6, 1908 to Sept. 7, 1909 
595 May I5, 1907 Pure Hereford Feb. 22, 1909 Feb. 26, 1908 to Feb. 21, 1909 
597 Mar. 5, 1907 Hereford-Shorthorn Sept. 1, 1908 Feb. 26, 1908 to Aug. 31, 1908 
596 May 19, 1907 Pure Hereford Mar. 2I, 1910 Mar. 27, 1908 to May 25, 1908 
598 June IO. 1907 Hereford-Shorthorn June 1, 1910 Mar. 27, I908 to J\fay 25, 1908 
590 April 15, 1907 Hereford-Shorthorn May 21, 1910 Mar. 27, 1908 to May 25, 1908 
596 ........ .. ... ............ ······· .. . 
···· ········· 
Oct. 13, 1908 to .Tune 9, 1909 
.598 ........... ......... . ..... . . . ... . ... .. . ...... Aug. 24, 1908 to June 9, 1909 
590 
·· · ·· · ··· ·· ·· 
. ... ... . ... .... . ..... 
····· · · · · · ·· · 
Sept. 3, 1908 to June 6. 1909 
596 ............. ... .. .... . ........... . . . . . . . . . . . . . Nov. 7, 1909 to Feb. 24, 1910 
598 .. ... ........ ..... ····· · .......... . ............ Nov 7, 1909 to Feb. 24, 1910 
590 ...... .. . . .. . ..... . .. ............. 
············. 
Nov. 7, 1909 to Feb. 24, 1910 
*This animal was a ridgeling. 
maintenance fed to steer 596, was then put on maintenance for 290 
days, again fed as above for five months and finally put on maintenance 
for 110 days. This trial ended about five months before slaughtering. 
Steer 590 after the same preliminary treatment accorded the two pre-
ceding steers, was for three months and nine days fed a maintenance 
ration plus one-fourth of the productive feed above maintenance fed 
to steer 596. Then followed 280 days of maintenance, a second feeding 
period of five months, and a last maintenance period of 110 days which 
ended three months before slaughtering. 
The accompanying table (Table 1) gives the dates of birth and 
slaughter, the dates when on maintenance and the breed for each steer. 
Photographs are shown of those steers which were on maintenance 
long enough to show a change in appearance (Plates 1 to 17). There 
are lacking, however, photographs of steers 596, 598, and 590 at the 
close of the third maintenance trial. 
Method of Feeding. The steers were housed in an open shed 
facing south and were given the run of small shaded lots containing 
about 1400 square feet each. There were four to six steers in a lot. 
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They were fed hay and grain at night and grain in the morning. 
After eating the morning feed they were weighed and turned into 
the lot. They were fed at the same hour each night and morning 
and were weighed at the same hour each morning after feeding but 
before drinking. 
The "Use of Food" steers were fed half as much hay as grain 
and the grain consisted of six parts of corn chop, three parts of whole 
oats and one part of linseed meal (old process). The two other 
groups were fed four-tenths as much hay as grain and the grain 
consisted of eight parts of corn chop and one part of linseed meal 
(old process). The hay was a good quality of alfalfa. Water and salt 
were given ad libitum. 
Daily records were kept of the weights of the animals and of the 
weights of feed fed and feed refused. Representative samples were 
taken of each lot and kind of feed fed and of the feed refused. These 
were analyzed for moisture, ash, crude protein, crude fat, crude fiber, 
and nitrogen free extract by the official methods of the A. 0. A. C. 
(U. S. Dept. of Agriculture, Bureau of Chemistry, Bulletin No. 107, 
revised, pp. 38-56). 
SLAUGHTERING 
All of the animals were slaughtered either at the close of the 
maintenance period or later after a subsequent feeding period. The 
animal was stunned, hoisted by the hind feet and thoroly bled into 
tared containers. The bleeding was assisted by pumping the fore legs. 
This main portion of the blood was weighed and immediately the volume 
was measured. Blood dripping from the carcass later was caught 
and weighed. Weights of all parts, organs, and cuts of meat were 
taken. 
Analysis. Most of the animals were analyzed for moisture, fat, 
ash, nitrogen, and phosphorus, there being a rather large number of 
samples for each animal. It was thus possible to calculate the exact 
composition of different classes of tissue, of different organs, cuts, or 
divisions of the carcass, and of the entire animal. Weights of all 
organs with their contents were taken when warm and shortly after 
the clean empty weight was obtained. From this data a calculation 
was made of the warm empty weight of the steer, or steer minus fill-
food, feces, and urine. From the data obtained the total weight of 
nitrogen in the animal exclusive of that in the hide and bones was 
determined. This was taken as a measure of the active body tissues 
of the animal. 
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Surface Area. While still warm the carcass of the steer was split 
in half by an expert and the hide was skinned off the right half. The 
hide was then laid out smoothly on a large sheet of heavy paper, made 
by pasting together rolls of narrower paper, and the outline of the 
hide was traced. From this tracing the area of the half hide was 
determined and the surface area of the steer's body was found simply 
by multiplying by two. 
EMPTY WEIGHT OF CATTLE 
Table 2 gives in kilograms the live weight and warm empty 
weight of sixty-eight cattle together with the per cent of empty 
weight to live weight. All ages and conditions of beef cattle are 
represented from 5 days to 5 years old, and from a starved steer to 
one rolling in fat. A number of cows are included. Some few of 
T A BLE 2-EMPTY WETGRT OF CATTLF 
ANIMAL 
Calf 22 •••.•• • .•.•..• •• • ...... 
Group I 
Steer 556 .. . ........ . .. . . . . . 
Steer 557 . . . . .. .... . ... . . . . . 
Steer~547 ..... .... . ... .... .. 
Steer 505 . . . . . .. . . . .. . . . .. . . 
Steer 541 . ... .. ... .. . . . .... . 
Steer 532 . . ...... . ..... . .. . . 
Average .. .... ......... . . . 
Steer 504 .. .. .. . . .. .. .. . . . . . 
Steer 515 . . ........... .. ... . 
Steer 529 ... . .... .. . ... . . .. . 
Steer 527 . ...... . . . ... .. . . . . 
Steer 513 . . . .. .. . ...... . . . . . 
Steer 501 .. ... ... . .... . .... . 
Age 
5 days 
3 mo. 
5Yzmo. 
8 mo. 
lOYz mo. 
11 mo. 
18 mo. 
21 mo. 
2 yr. 9 mo. 
3yr. 2 mo. 
3yr. 3 mo. 
3 yr. 8 mo. 
3 yr. 11 mo. 
L!ve 
Weight 
Kilograms 
23 . 677 
111.489 
204. 934 
206.175 
313.317 
323.836 
527 . 689 
526.1G4 
743.361 
690 . 704 
842.841 
854.650 
883 .480 
Average .. .. . . . .. .. .. .. .. . 
Group II 
Steer 554 ... . . .. . .. . ..... . . . 
Steer 552 ..... .. ......... . . . 
..... ' ~,l ~ "·· 
5 mo. 116.491 
Steer 550 .. . .... . . . .. . .. . . . . 8 Yz mo. 147 . 202 
Steer 538 ... .. ... . . .. . .. .. . . 11 mo. 180 . 930 
Steer 503 . ..... . ... ..... .. . . 11 Yz mo. 270. 566 
Average ... . .. . . . . . .. . ... . ............ . . 
Steer 523 . . . . . . . . . . . . . . . . . . . 2 yr. 2 mo. 
Steer 507 ....... . . . . . • . ..... 2 yr. 10 mo. 
Steer 526 . . . . . . . . . . . . . . . . . . . 3 yr. 4 mo. 
Steer 502 . . . . . . . . . . . . . . . . . . . 3 yr. 8 mo. 
Steer 512 ....... . . ... ...... · 13 yr. 11 mo. 
Average ... ... . ....... .. ............ ... . 
::l80.880 
457 .155 
479 . 846 
506 . 878 
548.050 
Empty 
Weight 
Kilograms 
22 .336 
98 . 133 
172 .797 
171 .448 
274.357 
288.297 
459.035 
475.854 
671 .917 
637 .507 
786.005 
772 .785 
814.914 
78.071 
99 .349 
121.112 
158 .911 
236.429 
337.803 
418.896 
427.995 
444 .424 
493.877 
Per cent 
Empty to 
Live Weight 
94. 336 
88.020 
84.318 
83.157 
87.565 
89.025 
86.989 
86.5 
90.438 
90 .389 
92.298 
93 .257 
90.421 
92.239 
91.5 
89.269 
85.285 
82 .277 
87.830 
87.383 
86.4 
88 . 690 
91.631 
89 . 194 
87.679 
90.115 
. .. 89.5 
10 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN NO. 18 
TABLE 2..,-EMPTY WEIGHT OF CATTLE-Continued. 
Live Empty Per cent 
ANIMAL Age W eight Weight Empty to 
KUograms Kilograms Live Weight 
Group III 
Steer 555 ..... .. ...... . . .... 3 mo. 84.725 71.078 83.893 
Steer 548 ..... ...... . .... ... 5 mo. 99.255 85.988 86. 633 
Steer 558 ...... .. .. . ... .. ... 8:V. mo. 108. 191 89.999 83 . 185 
Steer 540 .. . .... . . . . . .. .. . .. 11 mo. 158.131 137 . 726 87 .096 
Average ........ . .... .. ... 
· ··· · ··· ·· · ··· 
... . ........ 
···· ······ .. 
. .. 85.2 
Steer 531 . ............. .. ... 18~1' m o. 212.466 192.005 90.370 
Steer 525 . .. .. ..... ... .. . ... 2 yr. 2 mo. 305.112 265.587 87.046 
Steer 524 .... •. ... .. .... . ... 3 yr. 4 mo. 362.260 322. 234 88.951 
Steer 509 . ... . . ......... . . .. 3 yr. 8 mo. 439.814 391.461 89.006 
Steer 500 . . . . . ...... . .. . . .. . 4 yr. 457.786 407 .833 89.088 
Average . .. ... ........ . ... ... ..... ... . .. ... . ... .. .. . . ... ..... ... 88.9 
Show Cattle 
Steer 48 . .. . ............. .. . 5yr. 809.645 744.708 91.980 
Look Me Over .. . .. .. .. .. . .. Mat.ure 741.533 698.812 94.239 
Jerry . ................... . .. 3 yr. 1 mo. 802.401 747. 796 93 . 195 
Bobby ........ . ... . ... . . . ... 3 yr. 663. 942 613.714 92.435 
Evan -Chance ...... . . . .. .. ... 3 yr. 2 mo. 823.492 750.389 91.123 
Average ... . . .. . . . . . . . . ... ..... . ... ..... . . . . . .... .. . . . .. ... . .. . . 92.6 
l'vferlium Fat Cattle to Thin 
Cattle 
Steer 594 . . . . . . .... . . .. .. . . . 11 mo. 274.876 247 . 517 90 .047 
Steer 593 . . ...... ... . .. . .... 16:V. mo. 347 .042 317 .917 91.605 
Steer 597 ....... .. . ... . . .... 18 mo. 335 .248 302.793 90.319 
Steer 595 ......... . . ..... ... 21 mo. 265 .622 230.275 86.693 
Steer 596 .. . ... .......... ... 2 yr. 10 mo. 560.320 524 .884 93.676 
Steer 598 .. .. . . .. ... . ... . ... 3yr. 577.615 503.364 87 . 145 
Steer 590 .......... . . ... .... 3 yr. 1 mo. 566.398 483 .707 85 .401 
Steer 121 . . .. ...... . ..... .. . 3 yr. 569 .469 508.513 89 .296 
Thin 
Steer 591 .. . . ... ... . . . . . .. . . 15.l':lmo. 218.404 190.043 87.019 
Emaciated 
Steer 592 . . ......... . ....... 21 mo. 213.187 187.733 88.060 
Thin Maintenance 
Steer 18 ... . ..... . ..... . . . . . 3 yr. 342.687 302 . 183 88.180 
Steer 16-1 ... ........ . ....... 3 yr. 7 m o. 683.451 608 .656 89.056 
Show Maintenance 
Steer 197 . . ........ . .. . . .... 3 yr. 2 mo. 482.547 444 . 750 92.167 
Steer 589 .. . . . . . .. .... ..... . 3 yr. 6 mo. 632 . 672 564 . 913 89 . 290 
Steer 588 . ... .... . . . . . . . . ... 5 yr. 6 mo. 557.535 485 . 754 87 . 125 
Miscellaneous Cows 
Cow 58 . .. .... .. .... . .. .. . .. 3 yr. 4 mo. 405.124 328 . 714 81.139 
Cow 56 ...... . .. . ... . ... . ... 3 yr. 6 mo. 4 16.323 335.709 80 . 637 
Cow2 . ...... . .... .... .. .. . . 4 y r. 10 mo. 493 .052 417.948 84.768 
Cows .. .. . ... ........•..... 4 yr. 11 mo. 383.709 291 .810 76.050 
Cow 63 .... . . . . . ... . ... . .. .. 6yr. 409.229 349. 493 85.403 
Cow 43 . . ...... .. .. . ... . ... . 7 yr. 473.911 433. 259 91. 422 
Cow 62 . . . . .. . .... . . . . .. . . . . S yr. 8 mo. 444.025 369 .241 83 .158 
Cow4 .. . . ... '. . . . ..... . .. .. . 9 yr. 446.242 400 . 608 89.774 
Cow 20 ... . ..... .... .. . .. ... 9yr. 5 mo. 408.456 321. 017 78. 593 
Cow 25 .. ...... . .... . . .. . .. . 9 yr. 7 mo. 497 .135 420 . 194 84 . 523 
Cow 6 ..... •. . .. . ... . . . .. .. . lOyr. 5 mo. 439 .110 360 .299 82.052 
Cow 21 .. . .. . . .. ... .... ... . . lOyr. 9 mo. 404.195 338 . 266 83 .689 
Cow 207 ....... ..... . . . .. ... 10 yr, 9 mo. 612. 347 508.604 83.058 
St. Lambert . . ... . .... ..... . . 13 yr. 6 mo. 530.223 459 . 935 86.744 
CowB . ..... . ... . . ... .. . . . . Unknown 369 .676 306 . 588 82 .934 
CowX . . . . . . .... . .. .. .. . ... Unknown .. . . . 290.112 212 . 907 73 . 388 
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the animals were slaughtered at a condition so different from the 
maintenance condition that this table has been used as a means of 
determining a probable per cent of empty weight at their mainte-
nance condition. 
For the empty weight of beef steers the extreme variations are from 
83.157 per cent for steer 547 to 94.336 per cent for calf 22. The 
Group III cattle more than one year old show a relative extreme 
variation of less than 4 per cent in this value. The average value 
is 88.9 per cent. The Group II cattle more than one year old show 
an extreme variation of less than 5 per cent in this constant, the 
average being 89.5 per cent. The average of the values of the young 
"Special Maintenance" cattle-steers 594, 593, 597-have been used 
for steers 596, 598 and 590 on their first maintenance trial. There-
after they were respectively assigned values of Groups I, II, and III. 
The three steers, 18, 48, and 121, were so nearly alike in breed, 
weight, condition, and type at the time of the maintenance trial (see 
Plate 1) that the data for steer 18 was used as representing the other 
two. In all other cases the condition of the animal was sufficiently 
close to the maintenance condition so that the individual per cents 
if not the actual weights could be used for each individual. 
ACTIVE BODY TISSUE OF C'ATTLE 
Table 3 gives the warm empty weight of the cattle which were 
· analyzed, the total weight of body nitrogen exclusive of that in the 
hide and bones, and the per cent referred to empty weight. This 
weight is chosen in preference to live weight as it has proved to be 
more serviceable in interpreting nutrition data. 
The Group I animals in this table are divided into two divisions, 
the animals less than 2 years old; and those more than 2 years old. 
In feeding beef cattle all they will eat, the food is first used for growth 
and maintenance. Whatever remains between this and the limits of 
appetite can be used for storing fat. The young cattle are growing 
rapidly and the limits of capacity or appetite are reached in supplying 
the demands for growth. When growth is obtained the cattle can 
lay on fat to a great extent and the proportion of nitrogen, or protein, 
is thereby reduced. The young Group I steers have about 1.8 per cent 
of active body nitrogen. Those 3 years old and above have about 1.4 
per cent. 
With the Group II animals there is little or no effect of age shown, 
the average per cent being 1.87, and three-fourths of the steers varying 
only one per cent of that amount from the average. This value is 
remarkably constant. 
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TABLE 3-ACTIVE BODY NITROGEN OF CATTLE 
Weight 
Warm Nitrogen Weight Weight Per 
Steer Age Empty in Hide Total Active Cent 
No. y r. mo. Weight and Bones Nitrogen Nitrgoen Active 
grams grams grams grams Nitrogen 
Group I 
.......... ! 541 ............ 11 288,297 . ..... .... 5,326.5~ 1.847 
505 ............ 11 274,357 2,414.74 7,345.62; 4,930.88 1.797 
532 .... ........ 18 459,035 . .... .... . .. ........ 1 8,279.39 1.804 
504 ... .. ....... 21 475,854 4,167. 60 12,327 .051 8 ,159.45 1 . 715 
Average.,, ... 
····· ·· ··· · 
.......... .. . . . ..... 
····· · ···· 1· · · ··· · · .. 1 .791 
515 ............ 2 9 671,917 4,864.40 14,319.17j 9,454. 77 1.407 
527 ........... . 3 3 786,005 4,713. 93 15,243.46: 10,529.53 1.340 
513 ... . . . .. .. .. 3 8 772,785 4,890.09 15,469.87 ; 10,579. 78 1.369 
501 . .... .. .. .. . 3 11 814,914 5,486.24 15,575 . 01' 10,088. 77 1.238 
Average .. .... ; 1.339 . .... . ..... 
• 
01~~-.~~~ · 1::::::::: . .... .... . ··· · ···· .. Group II 538 .... ... ..... 11 
.. ········ 
2,950. 61 1.855 
503 .. . ......... 11 236,429 2,379 .21 6,824. 71 4,445.50 1.880 
523 ............ 2 2 337,803 3,548.98 9,855.89 6,306. 91 1.867 
507 ............ 2 10 418,896 4 ,163 .12 11,924. 89 7,761. 77 1.853 
526 . .. ......... 3 4 427,995 4,264.43 12,362.91 8,098.48 1.892 
502 ......... ... 3 8 444,424 5,036 . 20 13,963.37 8 ,927 . 17 2 . 009 
512 ..... . . ..... 3 11 493,877 5,279 .01 13,917.68 8,638. 67 1. 749 
Average ... . . . .... ..... .. .... .. .... 
····· ·· ··· ·· ··· ····· ········ ·· 
1.870 
Group III 
540 . ... . ....... 11 137,726 
····· ····· 
. ......... 2 ,468.23 1. 790 
531 ............ 18 192,005 ........... 
·········· 
3,713.02 1.934 
525 ............ 2 2 265,587 
··· · ······ 
. ......... 5,006. 70 1.885 
524 ............ 3 4 322,234 3,949.90 10,338.60 6,388. 70 1.983 
509 .. ....... ... 3 8 391,461 4,567 .68 12,503.59 7,935.91 2.027 
500 ... . . .... .. . 4 0 407,833 4,583 .46 12,545.17 7,961. 71 1.952 
Average ...... ... . .. ... .. 
·········· 
..... . .... . ....... . . 
··· ···· · ·· 
1.950 
Regular and Special 
Mainlenance 
594* ....•..... . 11 247,517 2,357. 73 7,161.06 4 ,803.33 1.941 
591t ... . ....... 15 190,043 2,451. 74 6,084.17 3,632.43 1.911 
593t ..... . ..... 16 317,917 2,991. 72 8,702.55 5,710.83 1. 797 
597t ........... 18 302,793 3,306.19 8,722.57 5,416.38 1. 790 
592t .......... . 21 187,733 2,793. 77 6,066.80 3 ,273.03 1. 744 
595t ....... . . . . 21 230,275 2,580.02 7,446.15 4 ,866.13 2.113 
18t ...... . ... . 3 302,183 3,068.95 8,836.88 5,767 . 93 1 . 909 
12lt 3 508,513 3,965.19 12,632 . 10 8,666 . 91 1.704 
197t .. ...... ... 3 444,750 4,128.41 11.945.10 7.816. 69 1.758 
48* ... ....... : 5 744,708 4,670. 76 15,215 .44 10,544.68 1.416 
Cow 
63t ........... 6 349,493 2,913 .04 9,518. 96 6,605 . 92 1.890 
43* ........... 7 433,259 3,073 . 20 10,845.50 7,772.30 1.794 
4* ........... 9 400,608 2,886.50 9,879.20 6,992. 70 1. 746 
*Fat. 
t Thin. 
t Fair condition. 
For the Group III steers with the exception of steer 540 the 
average value is 1.95 per cent and the values are within 5 per cent 
of this average. 
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The average of the value for the young "Special Maintenance" 
cattle were used for steers 596, 598, and 590 on their first mainte-
nance trial. Thereafter steer 590 was in the condition of the average 
Group III animal and steer 598 in the condition of Group II. So 
these average constants were used for the two steers. Steer 596 was 
full fed before each subsequent maintenance trial. For this steer at 
one vear of age 1.88 per cent was used; at three years of age 1.4 
per cent was used; and at two years of age 1.6 per cent which is the 
figure intermediate between these two. It is probable that this assumed 
value is as close to the true value as one can obtain under the conditions 
of the experiment. 
Again, on account of their similarity, the figure for steer 18 was 
used for steers 48 and 121. For steer 164 the figure for steer 121 
at the time of its slaughter and analysis was used. Steers 588 and 
589 were two-year-olds in Group I condition when they were placed 
upon maintenance. They were not as fat as the old Group I steers 
but were considerably fatter than the younger steers of that group. 
A value of 1.5 per cent of active body nitrogen has been assumed for 
them. For the other animals their own weights of nitrogen were 
used if the weight when on this experiment was sufficiently close to the 
slaughter weight. If this was not the case their own per cents were 
used. 
SURFACE AREA OF CATTLE REFERRED TO BODY WEIGHT 
In referring the cost of maintenance in terms of energy 
requirements to the surface area of the body, it is custo-
mary to make use of a constant in calculating the surface area 
from the live weight. The surfaces of like geometrical figures are 
proportional to the two-thirds power of the volumes. Where the 
specific gravity is the same this simplifies to: "The surfaces are 
proportional to the two-thirds power of the weights." Expressed in 
mathematical terms we have: 
s 
- - 2-=K w-3-
and K has the value of about 9 or 10 when S is expressed in square 
centimeters and W in grams. Table 4 gives this constant calculated 
for all animals whose surface area was measured. The arrangement 
is in order of decreasing value of the constant. It can be seen by 
referring to the table that the thinnest cattle have the largest value for 
K, or, in other words, that the surface is larger in comparison to the 
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weight. The thin Group III animals are at the top of the list, then 
come the Group II animals, and finally the fat or Group I animals. 
That the value of K is fairly constant for a given condition can 
better be seen from Table 5 where the animals are arranged in groups 
according to increasing age. The young thin animals show a value 
of about 10 while the older ones of this group-Group III-show a 
value of about 9.8. The exceptions are steer 592, which had been 
TABLE 4--SURFACE AREA AND THE VALUE OF K 
w s 
Group Warm Surface s 
-Steer Age and Empt y Area W;i W ·' , 
Condition Weight sq. ctms. K 
grams 
592 1 yr. 9 mo. Extremely thin 187,733 34,345 3,278 .6 10.474 
531 1 yr. 6 mo. III 192,005 34,083 3 ,328.2 10.238 
558 8).-2mo. III 89,999 20,189 2,008. 3 10 .053 
591 15).1 mo. very thin 190,043 33,177 3,30.5 . 5 10 .037 
538 11 mo. II 158,911 29,211 2,933. 8 9.957 
524 3 yr. 4)1 mo. III 322,234 46,417 4,700 .2 9 . 876 
500 4 yr. III 407,833 54,148 5,499 .5 9 . 846 
540 11 mo. III 137,726 26,068 2,666 .9 9 .775 
595 1 yr. 9 mo. maintenance 230,275 36,555 3,756 .9 9.730 
525 2yr. 2 mo. III 265,587 39,955 4,131. 8 9.670 
523 2yr. 2 mo. II 337,803 46,827 4,850 .4 9.654 
526 3yr. 4 mo. II 427,995 54,751 5,679 .3 9.641 
512 4yr. II 493,877 60,054 6,248.1 9.612 
554 3 mo. II 78,071 17,343 1,826. 7 9.494 597 18 mo. maintenance 302,793 42,781 4,509 .2 9.488 
503 11)1 mo. II . 236,429 36,143 3,823 . 6 9 .453 509 3 yr. 9 mo. III 391,461 49,701 5,351 .3 9 . 288 
197 3 yr. 2 mo. good condition 444,750 52,810 5,826 . 6 9.064 550 8)1 mo. II 121,112 22,144 2,447.9 9 .046 547 8 mo. I 171 ,448 27,692 3,086.2 8 . 973 507 2 yr. 10 mo. II 418,896 50,175 5,598 .5 8.962 502 3yr. 8)1 mo. II 444,424 51,038 5,823 . 7 8.764 
541 11 mo. I 288,297 38,036 4,364 . 1 8.716 532 1 yr. 6 mo. I 459,025 50,419 5,950 .6 8.473 593 16V. mo. good 317,909 38,884 4,658 .1 8 . 348 594 11 mo. I fat 247,517 32,850 3,942.2 8.333 504 1 yr. 9 mo. I 475,854 48,225 6,095 .1 7.912 
121 3yr. I fat 508,513 50,104 6,370 .9 7.865 527 3 yr. 3V. mo. I very fat 786,005 66,343 8,516.9 7.790 515 2yr. 9 mo. I very fat 671,917 58,846 7,671.4 7.671 
48 5yr. very fat 744,708 62,038 8,2 15 .9 7.551 
501 3 yr. 11 mo. I very fat 814,914 64,635 8,724.5 7.408 513 3 yr. 8)1 mo. I very fat 7 72,785 61,633 8,412 .2 7 .319 574 at birth m edium fed 30,182 9,523 969.4 9.824 
mother 
578 at birth low fed 17,248 6,726 667.6 10.076 
mother 
losing one-half pound of flesh per day since 11 months old and was 
consequently very emaciated, and steer 509 which from this data would 
seem to be in too good condition for this group. The average for this 
group is 9.90. 
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For Group II the constant varies at random and gives an average 
of 9.37. Group I divides itself into two subgroups. The animals 18 
months old and less show an average of 8.57 while those about 2 
years old and older show an average of 7.65. \Ve see here the same 
division of this group as shown under Active Body Tissue (p. -) 
and the same explanation applies. The young steer cannot be forced 
into a very fat condition until the period of greatest growth is past. 
The constant then becomes lower and :finally at an advanced age 
when extremely fat the value reaches about 7.40. 
In case the animal, when on maintenance, was sufficiently close 
to the slaughtering condition as regards condition and weight the 
actual figures for the surface area were used in the calculations em-
ployed later in this discussion. If the condition was the same and 
the weight varied, the value of K for an animal was used in calculating 
its surface from its weight when on maintenance. For steers 18, 
48, and 121 the average value of K for Group III was used. The 
average of the values for the young " Special Maintenance" cattle 
was used for steers 596, 598, and 590 on their first maintenance trial. 
Thereafter they were respectively assigned the value of Groups I, II, 
and III. For steers 588 and 589 after reaching two years of age, 
the value for mature Group I animals was used. The value of K for 
steer 197 was considered to apply best to steer 164. 
TABLE 5-THE VALUE OF K FOR BEEF A N IMA LS 
Group III Group II I Group I 
Age Steer K Steer K I Steer K yr. mo. number number number 
3 .... . ... . .. .. .... ... .. 554 9 .49 I ......... .. . . . . . . . . ... 
8 558 10 .05 550 9.05 547 8 .97 
11 r 9.78 li38 9 .96 541 8 .72 503 9 .45 594 8 .33 16 to 531 10.24 · ····· . .. . . ... ... . ... . 532 8 .47 18 591 10.04 li97 9.49 593 8.35 
Average 8.57 
1 9 { 592 10.48 .. ... ... ... ... . . ... ... 504 7.91 
595 9 .73 ......... . . ... ........ I . .... . . . ... ... . .. ..... 
2 2 525 9.67 523 9.65 515 7.67 
3 .... ...... . 
· · · · · · ···· · 
507 8 .96 121 7.87 
3 2 524 9.88 526 9.64 527 7.79 
3 4 ... . . . ..... 
. ··· ·· ···· · 
197 9.06 ....... .. . . .. ....... . . 
3 9 509 9.29 502 8.76 513 7 .32 
4 500 9.85 512 9 . 61 501 7 .41 
5 ..... ...... .... ... .... ........... 
. .. ·9:37·. ·1 48 I 7.55 Average 9.90 Average Average 7.65 
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BLOOD VOLUME AND WEIGHT 
A third unit of reference for the matter and energy consumption 
of cattle is the blood volume or blood weight. Since there is such 
a close connection between metabolism and blood supply it was con-
sidered of importance to determine what relation exists between the 
cost of maintenance and the blood supply. 
From the volume of the weighed main portion of blood obtained 
at slaughter the specific gravity of the blood was obtained. Then 
from the total weight of blood and this specific gravity the total blood 
volume was calculated. From the total weight and total volume of 
blood the weight and volume of blood per kilogram of animal was 
calculated. The results are shown in Table 6 where the animals 
are divided into groups and the "Regular" and "Special Maintenance" 
steers are assigned their proper place in one of the groups. 
It is seen on referring to the table that the specific gravity varies 
considerably for the different individuals. The younger animals of 
Group I show an average of 1.0550 while the older animals show a 
somewhat lower average of 1.0518. The average for the Group II 
animals is 1.0533 and that of the Group III steers lowest of all, 1.0454. 
It would seem that poorer nutrition tends to lower the specific gravity 
of the blood. Three of the steers show specific gravities of 1.14 
to 1.16 and a fourth shows 1.31. There was certainly an error in 
measuring the volume of the blood for the latter steer. The volume 
recorded was 8,110 c. c. with a weight of 10,655 grams. Had the 
volume been 10,110 c. c., just two liter cylinders inore, the specific 
gravity would have been 1.0539, a perfectly normal value. These 
have been omitted from the average. The lowest specific gravity found 
was in the case of a new-born calf which had not suckled and the 
value was 1.0193. 
The proportion of blood per kilogram of animal varies some-
what between individuals but very greatly between groups. The fatter 
the animal the smaller the proportion of blood. The old Group I 
steers show the lowest value of 34.97 grams per kilogram. The young 
Group I steers come next with 42.59 grams per kilogram, then the 
Group II cattle with 46.29, and last the Group III cattle with 51.47 
grams per kilogram. The differences are quite striking and plainly to 
be predicated of the condition of the steers. 
The same differences are shown with the proportion when ex-
pressed as cubic centimeters of blood per kilogram of animal. The 
actual value is somewhat lower. For the figures one is referred to the 
table (Table 6). 
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TABLE 6 -SPECIFIC GRAVITY AND P ERCENTAGE OF BLOOD 
Animal Age Sp. gr. of Grams of Blood 
number yr mo. Blood per Kilo of 
Animal 
Group I 
594 .. .. . . ... . . .... .. . 11 1.0 386 45.75 
541. . . . .... . ... .... . . 11 1.0657 43.25 
593 ..... ... . . • . • .. .. . 16 1.0443 39 .93 
532 ... .. .... . .... .... 18 1.0475 40.85 
504 ..... . . . .. . . . . ... . 21 1.0518 44 . 14 
515 ..... . .. .. ...... .. 2 9 1.0819 41. 61 
Average . . . . ... . . .. . 1.0550 42 . 59 
596 ...... .... . . . . . . . . 2 10 1.142 1* 36 .01 
529 . ... . .. . . . ... . ... . 3 2 1.0559 36 . 12 
527 . . . . . . ... . .... . .. . 3 3 1.0555 34.84 
513 . .... ... . . ..... . .. 3 8 l.0526 33.23 
501 .............. . .. . 3 11 1 .0 346 35 .23 
48 . . . . . .... . ...... . . 5 0 1 .0 602 34 .42 
Average . ... . .. .... . . ... . ....... .. 1 .0518 34 .97 
Group II 
538 ..... . . . .. . ... . .. . 11 1.0969 45 .43 
591 . . . . ... .. . . . ... . .. 15 1.0528 46.43 
597 .... . . .. . . . . . . . .. . 18 1. 1663* 43.46 
595 
. ··· · ·· · ·· ·· ··· ·· 
2 1 1.0714 49.55 
523 . . . . . . .. .... . . . .. . 2 2 1 . 1538* 45 .25 
507 . . ...... . . . .... . . . 2 10 1.0828 48.50 
598 . ....... ... ....... . 3 0 1.0501 4 7 .86 
121 . .. .. . .. . . . .... . .. 3 0 1.0207 48.05 
197 .. .. .. .. . . .. . . .. .. 3 2 1.03 28 45. 12 
526 . . . .. ... . . . . . . . . .. 3 4 1.0486 44 .29 
589 . ... . . .. ... . . . .. . . 3 6 i' 45.28 
164 . .. . . . .. .. . . . .. . . . 3 7 1.0492 47.85 
502 .. .. . .. ... . ... . . . . 3 8 1 .0511 44 .39 
512 . . . . . . . . ... .... . .. 3 11 1.0345 48.95 
588 . .. ..... .. ...... . . 5 6 1.0486 4 3 .91 
Average ....... .... . . .... . ..... . l.0533 4 6 . 29 
Group III 
540 .. . . ....... . . .. . . . 11 1.0427 50 . 59 
531. .. .... .. ... . . .. . . 18 1 .0441 49 .25 
592 . . ...... .. .. . . . . . . 2 1 l.0509 54 . 97 
525 .... .... .. .. . .. . .. 2 2 1.0322 51.26 
18 ... . . . . . .. .. ..... . 3 0 1. 3l38*tt 51.62 
590 .. . . .. . . ... .. . . . .. 3 1.0543 53 . 85 
524 .. .... ...... .. .... 3 4 1.0504 52 . 82 
509 .. ........ . ..•. .. . 3 8 1.0509 4 6 .72 
500 . . ........ ..... . .. 4 0 1 .0376 52. 15 
Average .. .. .. ..... . 
. . . . .. ... · · ··· 1.0454 51.47 
22 . ... . . .. .... . . . ... . 5 days .. . . ... . .. . .. . 4 5 .48 
573 .... . .... . .. . . .. . . at birth 48.97 
574 ... ..... ..... . .. . . at birth 1.0193 61.49 
575 . ... .. . . .. .. . . . .. . at birth 45.27 
578 ... ... . . .... . . .. .. at birth 52 .88 
* Omitted from average on account of the high specific gravity. 
t Speclfl.c gravit y not determined. 
17 
c. c. of Blood 
p er Kilo of 
Animal 
44. 05 
40. 58 
38.24 
39 . 00 
41. 97 
38.46 
40. 38 
3 1.53 
34 . 21 
33 .0 J. 
3 1. 57 
34 .05 
32 .47 
32 .80 
41. ·12 
44.10 
37 . 26'~ 
46.25 
39 .22* 
44.79 
45.57 
47 .08 
43 .69 
42.24 
45 .61 
42.23 
47 .32 
41.87 
44 . 35 
48 .52 
47 . 17 
52 .31 
49 . 66 
51.08 
50 .29 
44 .46 
50 .26 
49 .22 
60 :24 
t t H ere there must have been (as is suspected in the other cases) an e1Tor in recording 
t he volume of the portion used for this deterinination. 
2 
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For the calculations in the latter part of Table 9 the above figures 
were used for the animals shown in Table 6. For steers 48 and 121 
the average of the Group III figures was used. For steers 596, 598, 
and 590 during the first trial the average value for steers 593, 594, 595, 
and 597 was used. In the subsequent trials these three steers were 
assigned to the same groups as in the case of the empty weight and 
active body nitrogen. 
DIGESTION COEFFICIENTS 
From the analysis of the feeds fed to the steers in this experi-
ment the total crude protein, crude fat, crude fibre, and nitrogen free 
extract consumed daily and during the whole experiment was cal-
culated. In arriving at the matter and energy costs of metabolism 
it is necessary, moreover, to know the digestibility of the various feeds 
for each animal. Digestion trials of ten days duration were run on a 
number of these steers during the experiment. The ration was the 
same as was used in the experiment and the animals had been con-
suming it for some time before the trial. Special analyses of all feeds 
consumed and urine and feces voided were made. The difference 
between the total constituents consumed and those voided in the feces 
Group 
I 
I 
I 
Average 
II 
II 
II 
Average 
III 
Spec. Ma.int. 
Reg. Ma.int. 
Reg. Maint. 
Reg. Maint. 
Reg. Maint. 
Average 
Reg. Maint. 
TABLE 7-DIGESTION COEFFICIENTS OF BEEF CATTLE 
Steer 
48 
527 
501 
527 and 501 
502 
507 
599 
Age 
3yr.3da. 
1 yr. 2S da. 
1 yr. 3 da. 
1 yr. 7 da. 
l yr. 12 da. 
l yr.8mo. 5 da. 
509 l yr. 10 da. 
595 l yr. 5 mo. 21 da. 
18 2 yr. 6 mo. 
588 2 y. 10 m . 20 d. 
588 3yr.4mo.llda. 
197 l yr.5mo. 25 da. 
588 and 197 ............. . 
61. 639 ,, 
65.720 
67.587 
66 .654 I 
70.820 ! 
70 .024 i 
69.614 ' 
70.153 1 
75.013 
I 
66.644 : 
68.381 ' 
74.758 
74 .. 559 
78 .502 
76.581 
75.868 
78.589 
77 .188 
77.889 
73.265 
72.876 
83.781 
76.639 
79.630 
84 . 042 
87.084 
86.778 
83.098 
82.032 
83.485 
71.598 
74.563 
81.229 
77.896 
83. 601 
82.012 
85 .478 
83.697 
85.139 
82 .485 
87 .596 
89.676 
90.379 
91.059 
90.544 
43.320 
47 . 138 
37.282 
42.210 
40.045 
37.559 
43 . 296 
40.300 
40.465 
29.417 
44.798 
51.472 
42.093 
49 . 193 
47.988 
67 .163 
69.839 
72.721 
71.280 
75 .449 
73.922 
77.521 
75.631 
77.488 
73 .374 
79.000 
82.329 
81.806 
83.750 
82 .909 
164 2yr.2mo.6da. 61.776 63 .378 85.224 29.547 74.239 
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was used as the amount digested. The per cent digested was calculated 
from this data. Table 7 contains the data. It appears that in general 
the digestion coefficient increases as the plane of nutrition is lowered. 
In many cases individuality causes greater variation than is noted 
between the groups. 
Wherever the data existed for the individual it was used for that 
individual in calculating the daily average consumption of digestible 
nutrients. For the other animals a group average or the figures of 
some one or two animals most like them in type and method of 
treatment had to be assumed as applying. The factors for Group III 
apply best to the steers 596, 598, and 590 on their first digestion trial. 
Thereafter they were respectively assigned to Groups I, II, and III. 
For steers 512 and 526 the Group II figures were used. For steers 500 
and 524 the Group III figures were used. The figures of steer 18 
were considered to apply best to steer 121 as they were very much 
alike in other behavior. For the same reasons, the figures of steer 
595 were used for steer 597 and the average of the figures of steers 
588 and 197 were used for steer 589. 
ENERGY CALCULATIONS 
From the average daily digestible nutrients consumed the daily 
consumption of metabolisable energy was calculated. The figures pro-
posed by Armsby in his Principles of Animal NHtrition, p. 540 and 
p. 332, were used. The accompanying table gives the values. 
TABLE 8-ENERGY VALUES OF NUTRIENTS 
Protein . . . .... .. .... . . ... . 
Fat .... .. . . . .. ........ .. . 
Nitrogen free extract .... .. . 
Crude fibre . .... ...... .. . . 
Calories 
per gram 
3.228 
8 . 572 
4.185 
3.523 
Therms 
per pound 
1.464 
3.888 
1 . 898 
1.598 
Of the metabolisable energy thus calculated 56.24 per cent was 
assumed to be available for maintenance, as shown by Arms by (Bureau 
of Animal Industry, Bulletin 143, p. 40). 
It was impossible to make the original determinations on these 
animals as there was no calorimeter at the Missouri Agricultural Ex-
periment Station. Animals sent to Armsby for use in his calorimeter 
were too large to enter the instnunent, consequently the necessity of 
the above assumptions. A chance for individuality to make itself 
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TABLE 9 - MAINTENANCE CosT oF 
s ~ OS ... r!:: IJD ~ 
"' 
d 0 ·a ;;- "' .ti "' )11"' IJD ..., z ~ 8l t) 't:l 0 
... ·~ Steer Age ~ Plane of Warm .ti C< "' *'1 ·c z "' :c .s 0 N u trition Empty 0 0 i»~ ·c oi :z .0 ~ 
E-< condition Weight ~ "' 8l ~o ~o ... ~ cD .... 0 < IJD "' 0 P:i ~s )11 ~ '.$ "' r:i 0 ~ t) i» ... i» § 
"' 
t:O :z .... ~ ~ = ~ ~ 63 = ~ ~ gram s t) Q IJD ~r:i Q""' < C1.l 
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--
500 2%:-3 yr. 120 III 345,540 6,738 48,483 70 . 90 12,555 6 ,892 
Average 
500 3 -3Y, yr. 140 III 370,930 7,233 50,830 71.85 12,794 7 ,196 
502 2!4-2%: yr, 180 II 394,770 7,895 47,163 65.39 12,504 7,030 
507 2Y, yr. 153 II 418,896 7,762 50,175 69.89 12,973 7 ,296 
509 2Y,-3 yr. 120 III 341,980 6,942 45,421 69 . 31 12,260 6,895 
512 2%: yr. 80 II 428,350 7,496 54,619 86 . 00 15 ,933 8,960 
88 . 03117,173 
Average 
512 3 yr. 124 II 493,877 8,639 60,054 9,658 
524 2Y,-3 yr. 180 III 292,340 5,788 43,502 56. 17 9,971 5,608 
526 2 yr. 90 II 340,970 6,444 47,054 68 . 73 12,785 7,191 
18 2 -3 yr. 284 T hin 302,183 5,768 44,680 47 . 61 10,627 5,977 
48 3 yr. 150 T hin 334,640 6,392 47,825 50.51 10,601 5,962 
121 2 yr. 160 Thin 303,548 5,798 44,814 50 .22 11,350 6,384 
164 1 -3 yr. 760 Fair to Thin 377,370 6,415 47,333 48 . 04 11,152 6,272 
197 1 -3 yr. 737 Good 444,750 7,817 52,810 63.72 13,055 7,342 
588 2 -5 yr. 1245 Fat 485,754 8,258 47,241 58.13 12,234 6,881 
589 1 %:-3 yr. 580 Fat Confined 431,480 7,335 43,653 56 . 10 11,7791 6,625 
595 1 -2 yr. 362 r----1 230,27514,866 36,555 36. 58 7,982 4,489 597 1 -1 y, yr. 188 a nee 302, 793 5,416 42, 781 43 . 54 9,485 5,334 596 1 yr. 60 After 11 190,8181 3 ,587 29,456 28.23 5 ,765 3,242 598 1 yr. 60 months 190,5841 3,583 29,432 27 . 72 5,650 3,158 
590 1 yr. 60 Full Feed 251,087 4,720 33,623 39. 70 8,100 4 ,555 
596 2 yr. 240 Full Feed 367,62015,882 39,232 50.07 10,484 5,896 
598 2 yr. 290 Y, Full Feed 268,2201 5,016 38,995 40 . 35 8,508 4,785 
590 2 yr. 280 M Full Feed 284,30015,541 . 42,899 43 . 25 8,707 4,897 
596 3 yr. 110 Full Feed 524,884 7,348 49, 745 71 . 04 13,812 7,768 
598 3 yr. 110 y, Full Feed 373,800 6,990 48,653 65 . 38 12,859 7,232 
590 3 yr. 110 u Full Feed 339,8701 6,627 48,322 56 . 53 10,583 5,952 
Avera e g I 
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BEEF CATTLE-ALL ANIMALS 
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A "" ~ .... z ~AZ ~<:IHl.l ~ p, Cl.l r:= 0 A :g_ Q p, Ao l> A 
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{ 1.052 186.3 102.3 2,590 1,421 18.020 17.367 {3.94 4 .08 697 723 1.028 181.6 100.9 2,554 1,419 3.82 3.97 679 705 
0.993 176.9 99.5 2,517 1,416 19.344 18.643 3.71 3.85 661 686 
0 .828 158.4 89 .0 2,651 1,491 17.524 16.671 3.73 3.92 714 750 
0.900 167.1 94.0 2,585 1,454 20 .316 18.762 3.44 3.73 639 691 
0.998 176.6 99 .3 2,699 1,518 15 .977 15.204 {!:~~(a) 4.56(a) 767(a) 806(a) { 1.147 212. 5 119.5 2,917 1,640 20.968 20.270 4.24 760 786 
1.061 204 .3 114.9 2 ,883 1,621 3.87 4 .00 735 761 
1.019 198.8 111 .8 2,860 1,608 24.176 23.370 3.64 3 .77 710 735 
0.970 172.3 96.9 2,292 1,289 15 .441 14.702 3.64 3.82 646 678 
1.067 198.4 111.6 2,717 1,528 15.102 14.403 4.55(a) 4.77(a) 847(a) 888(a) 
0 .825 184.2 103.6 2 ,378 1,338 15 .599 11. 873 3.05 4.0l (b) 681 895(b) 
0.790 165.8 93 .3 2,217 1,247 17 .224 16.471 2.93 3 .07 615 644 
0 .866 195.8 110 .1 2,533 1,425 15.624 14.941 3.21. 3 .36 726 760 
0. 749 173.8 97 .8 2,356 1,325 18.057 17.212 2.66 2 .79 618 .648 
0.815 167.0 93.9 2,472 1,390 20 .067 19.430 3 .17 3.28 651 672 
0 . 798 167.9 94 .4 2,590 1,457 21.331 20.342 2.73 2 .86 574 601 
0 .867 182.0 102 .4 2,699 1,518 19.537 18.519 2 .87 3 .03 603 636 
0.752 164.0 92.3 2,184 1,228 11.406 10.646 3 .21 3.44 700 750 
0.804 175.1 98.5 2,217 1,247 13.151 11.276 3 .31 3.86(b) 721 84l(b) 
0 .787 160.7 90 .4 1,957 1,101 8 .394 7.788 3.36 3 .63 687 740 
0 .774 157.7 88 .1 1,920 1,073 8.384 7.779 3.31 3.56 674 726 
0 .841 171.6 96 .5 2,409 1,355 11.045 10 .248 3.59 3 .87 733 790 
0 . 851 178.2 100. 2 2,672 1,503 15.657 14.844 3.20 3 .37 670 706 
0 .804 169.6 95 .4 2,182 1,227 12.368 11 .839 3 .26 3.41 688 719 
0.781 157 .1 88 .4 2,030 1,142 14. 633 13.993 2 .96 3 .09 595 622 
0 .967 188 .0 105.7 2 ,777 1,562 18 .903 16.551 3 .76 4 .29(b) 731 835(b) 
0.935 184.0 103 .5 2,643 1,486! 17.236 16.500 3.79 3 .96 746 779 
0.853 159.7 89.8 2,190 1,232 17.493 16.728 3.23 3 .38 605 633 
--- --- ------------ ---
0 .868 174.4 98.2 2,432 1,367 3.31 3.48 667 701 
(a) Omitted from average. Per cent of blood abnormally low. 
(b) Omitted from average. Specific gravity of blood abnormally high. 
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shown in the energy metabolised is thus lost, but it is hoped that th~ 
comparisons made of this energy data will be of value and will justify 
the assumption. 
THE COST OF MAINTENANCE 
The preceding discussion having established the basis for calcu-
lating the maintenance cost, attention may now be turned to the latter. 
In Table 9 there is presented the vital data pertaining to all the animals 
for their complete maintenance periods. The animals are arranged 
numerically within the three main divisions of "Use of Food," "Regular 
Maintenance," and "Special Maintenance." The last three animals are 
arranged in order of the plane of nutrition, the highest being first. 
The animals range in weight from 200 to 500 kilos. The active 
body nitrogen, surface area, daily digestible nitrogen, metabolisable 
calories and maintenance calories are given in the succeeding columns. 
For nineteen different animals for a total of twenty-seven different 
trials it required from 1.147 to 0.749 grams of digestible nitrogen 
daily for every 100 grams of active body nitrogen in the animal. The 
average for all the steers is 0.868 grams. This is not a minimum 
requirement as the animals had a ration fairly high in protein. How-
ever it is certain that this amount of nitrogen fed daily will take care 
of the maintenance needs of a steer. The effect of condition is shown 
roughly by the higher value being usually associated with the thinner 
steers and the lower value with the fatter steers. 
The energy requirements per hundred grams of body nitrogen 
run from 157.7 to 212.5 metabolisable calories daily. The average is 
174.4 calories of metabolisable energy daily per hundred grams of 
active body nitrogen. The energy per unit of surface area varies from 
1920 to 2917 calories per square meter per day. The average is 2432 
calories of metabolisable energy per square meter of body surface 
daily. 
The maintenance calories are simply 56.24 per cent of the metabol-
isable calories and so will need no discussion here. 
The three steers 596, 598, and 590 were subjected to practically 
no tests outside of the feeding records. Consequently a greater part 
of the data had to be assumed for them in arriving at the figures· 
presented in the table. For a number of other steers digestion factors 
of another individual or of a group were assumed to apply. In this 
factor we find very great individual variations and to this is due 
perhaps the greater part of the variations in Table 9. 
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In order to arrive at a better average there is presented in Table 10 
the data for those steers which were in digestion trials. Steer 597 
is also added because this animal was very like steer 595 and the 
digestion data was all that was lacking for completion. The digestion 
factors of steer 595 were used for it. Glancing thru the figures it will 
be seen that the extreme variations have been eliminated. The greatest 
variation' from the average is 20 per cent and for the energy require-
ments it is about 10 per cent. The average nitrogen requirement is 
lower while the others remain. the same. To maintain body weight 
0.826 grams of digestible nitrogen and 170 metabolisable calories were 
consumed per hundred grams of active body nitrogen per clay. Per 
square meter of body surface the energy consumption was 2435 calories 
per day. 
Returning to the latter part of Table 9, where are given the weight 
and volume of blood in the steers under the conditions of maintenance, 
the attention will now be given to the cost of maintenance per unit of 
blood. The daily consumption of digestible nitrogen per kliogram 
of blood is, with a few exceptions, a very constant value, g1v111g an 
average of 3.31 grams. The values for steers 509 and 526 were 
omitted from this average because the percentage of blood was quite 
widely at variance with the group average. An abnormal value in an 
actually measured series of observations can well be omitted in this 
discussion. 
The nitrogen consumption per liter of blood follows the above 
values closely with a few exceptions caused by variations in the specific 
gravity. The average value is 3.48 grams per liter of blood.. The 
average consumption of energy is 667 calories per kilogram of blood, 
or 701 calories per liter of blood. 
On reading thru the figures the impression is gained that these 
latter constants are better and more uniform than those in the preced-
ing part of the table. In order to aid the judgment in this question 
the accompanying chart showing the frequency distribution of these 
values is shown. 
The curves for the consumption of nitrogen and energy per unit 
of active body nitrogen show the maximum ordinate considerably to 
the left of the mean value and the curve for the energy consumption 
per unit of surface area shows this ordinate to the right of the mean. 
In these cases, then, the mean is not a good approximation to the type. 
The arithmetic mean of the constants in Table 10 is, in every case, 
nearer the maximum ordinate and in the first two instances very much 
nearer it. These are not normal frequency distributions and the mean 
has little value. 
TABLE 10-.MAINTENANCE COST OF BEEF CATTLE, ANIMALS SELECTED FOR DIGESTION COEFFICIENTS 
Digestible Metabolisable Metabolisable Per Cent 
Nitrogen Energy Energy per 
Steer Age Length Group per 100 grams per 100 grams square meter Active K 
Number Years of tria l or Active Body Active Body Body Surface Nitrogen 
days Condition Nitrogen Nitrogen 
grams Calories Calories 
502 2Y2 180 II 0.828 158.4 2,651 2.01 8 . 76 
507 2Y2 153 II 0.900 167.1 2,585 1.85 8.96 
509 2Y2-3 120 III 0.998 176.6 2,699 2.03 9.29 
18 2 -3 284 Thin 0.825 184.2 2,378 1.91 9 . 92 
48 3 150 Thin 0.790 165.8 2,217 1.91 9 . 92 
164 1 -3 760 Fair to Thin 0 . 749 173.8 2,356 1. 70 9 . 06 
197 1 -3 737 Good 0.815 167.0 2,472 1. 76 9:06 
588 2 -5 1245 Fat 0.798 167.9 2,590 1.50 7 . 65 
595 1- 2 362 Good to Thin 0.752 164.0 2,184 2.00 9.37 
597 1 -1% 188 Good to Thin 0.804 175.1 2,217 1. 79 9.49 
t 
Average n Ol"')l! 0.826 "1'1f\ £\ 170.0 2,435 1.846 0 1AQ 9.148 
Per cent 
Empty 
Weight 
87.68 
91.63 
89.01 
88.18 
88.18 
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91. 70 
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993 
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847 
767 
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On the other hand, the distribution of the values for matter and 
energy consumption per kilogram of blood shows perfectly normal 
frequency curves, the mean coincides with the maximum ordinate, and 
the average value is a good approximation to the type. The curves for 
the consumption per liter of blood show greater irregularity, but the 
mean and the maximum ordinate coincide much more nearly than in the 
curves considered above. 
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INFLUENCE OF CONDITION UPON THE COST OF MAINTENANCE 
The condition of the animal-the relative fatness-is the first 
factor we shall consider. It would seem that whether an animal was 
on maintenance while in good flesh with a supply of reserve material 
or while in poor flesh with little reserve material might affect the 
maintenance cost. The animal, altho maintaining body weight, might 
draw upon this reserve and so lower the maintenance cost, or having 
been used to a greater fe~d supply while fleshing up it might be more 
extravagant in its use of material. 
In Table 11 the steers are arranged in groups. Comparisons should 
be made between the first two groups, or the last two groups, as the 
animals here have been treated alike on the same ration. The "Use of 
Food" animals are not strictly comparable to the "Regular and Special 
Maintenance" animals. On referring to the table it is seen that there 
is no great advantage for those animals which have been on a higher 
TABLE 11-EFFECT OF CONDITION ON COST OF MAINTENANCE 
I 
..; <:l 
.,;ni 0) ·~ El 0) Cl Q 
'C ~ ~ ~ - "ol "' z ol gi ~ ;; 'g 0 th fi),S Q,) ~ ..b! ctJ btJ !3 
"' ..s a~z ;.:lo · ..... ;::<:; CZl :a P'.l ;::i Ap:i ooZ 0 g ;>. ~ ~ ~ .811 ~ Animal Group or Age at ti 0 ~ ~~~ ~ ~ "S 0) .... "" 
"' 
ol" 
Number Condition Begin- -~ ~ 0 a:> AO 0) AP'.l .::,0 g § ..., 0 8 A "P'.l ~ [fl >Q ~ "'""' A g> 60 ~ <e <il ning A"' Q.l 0 
;>. ~ ~ ;>. ~ :>- ~-~ ~ ;>."O:: El ;>. " 0 years ~ ~ t3 '@ ~ :g ~~ "a5 =~:;:::j :;:\:a~ AZ~ AO< AOS AZi::<l iS <il 
Use of Fo ad Ani mals 
500 III 27:] 1.028 181.6 2,554 3.82 679 
509 III 2;1 0.998 176.6 2,699 .... . .. 
524 III 2)1 0.970 172.3 2,292 3.64 646 
Average . ... .. .. ... .. ... ... 0.999 176.8 2,515 3.73 663 
502 II 2 0.828 158.4 2,651 3.73 714 
507 II 2U 0.900 167.l 2,585 3.44 639 
512 II 27:] 1 .061 204 .3 2,883 3 .87 735 
526 II 2 1.067 198.4 2,717 . ... ... 
Average 
····· ·· · ... 
.. .... .. 0.964 182.1 2,709 3.68 696 
Regular a nd Special Maintena nee 
18 Thin 1%: 0.825 184.2 2,378 3.05 681 
48 Thin 2~4 0 .790 165.8 2,217 2.93 615 
121 Thin 1%: 0.866 19.5.8 2,533 3.21 726 
164 Fair to Thin 1 0.749 173.8 2,356 2.66 618 
Average ........... ........ 1 0.808 179 .9 ~,371 2.96 660 
197 Good lU 0.81.5 167.0 2,472 3.17 651 
588 Fat 2 0.798 167 .9 2,590 2.73 574 
589 Fat 17:2 0.867 182.0 2,699 2.87 603 
595 Fairly Fat 9mo. 0.752 164.0 2,184 3.21 700 
597 Fairly Fat 11 mo. 0.804 175 . l 2,217 3.31 721 
Average ....... . ... . 
········ 
0.807 171.2 2,432 3.10 650 
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plane of nutrition over those which have been on a lower plane, or 
for those in good flesh over those in fair flesh. In fact, for the energy 
requirements the animals previously on the lower plane of nutrition 
have, on the whole, the advantage over the others. The differences 
are, however, slight and it can hardly be said that condition here has 
any effect upon the maintenance requirement. For the "Use of Food" 
animals the experiment covered the same seasons of the year. For 
the "Maintenance" cattle the ages will average about the same and 
all seasons of the year were covered for practically all the animals. 
Even when the data is studied by 90-day periods for the same age 
of animal the variations within a group are greater than the differences 
between the groups and no marked effect of condition is seen. 
The fact that the fatter animals, as shown above, did not exhibit 
a lower maintenance cost than the thinner steers may be due to the 
fact that there are too many contributory factors in the data of Table 11. 
Take the "Regular Maintenance" cattle and those having the greatest 
contrast in condition and it is seen that the very fat steers 588 and 
589 show the lowest costs in energy per unit of blood and that the 
very thin steers 18 and 121 show high costs in this unit. The difference 
is more than 100 calories per kilogram of blood or nearly 20 per 
cent of this unit. This is in accord with the observed facts. The fat 
steers lost considerably in fatness while on maintenance, thus getting 
an additional supply of energy, and consequently showing a saving 
in feed. 
INFLUENCE OF THE PREVIOUS PLANE OF NUTRITION 
In studying the influence of the previous plane of nutrition upon 
the maintenance cost the attention should be limited to the "Regular 
and Special Maintenance" animals as the conditions were controlled 
more rigorously for them. With the "Use of Food" animals the 
condition of mainteance was incidental or accidental. 
The immediate effect of a change from a high plane of nutrition 
to a low plane will of course result in a high maintenance cost as: 
the animal cannot immediately be adjusted to the change. In Table 12 
the consumption of total nutrients for each steer is given by 10-day 
periods at the beginning of the maintenance period. Steers 18, 121, 
and 48 had been on an alfalfa hay ration up to February 1. Con-
sequently there was a loss of fill when the change was made from this 
bulky ration to one less bulky. There resulted an apparent loss in 
weight which demanded an increase in food (nutrients) in the attempt 
to make up this loss of fill. During the second and third 10-day 
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periods this loss was made up and a cut in the feed resulted.. Steer 
164 had been allowed about a 10-day period to become adjusted to 
TABLE 12-EFFECT OF PREVIOUS PLANE OF NUTRITION UPON MAINTENANCE CosT 
Nitrogen Average 
Crude Crude Free Crude Weight 
Period Dates Protein Fat Extract Fiber of 
Consumed Consumed Consumed Consumed Steer 
Pounds Pounds Pounds Pounds Pounds 
Steer 18. Previous Ration, Alfalfa Hay 
1907 
1 2- 1- 2-10 13 .490 3.200 59 .471 19.928 764.6 
2 2-11- 2-20 10.238 2.825 51.044 10.932 756.0 
3 2-21- 3- 2 9.911 2.782 50 .120 10 .078 737 .1 
4 3- 3- 3-12 10.961 3.155 56.590 10.320 739.5 
5 3-13- 3-22 12.159 3 .447 62.005 11.999 747.9 
6 3-23- 4- 1 12.225 3.456 62.190 12.169 748.3 
7 4- 2- 4-11 12.225 3.456 62.190 12.169 750.6 
8 4-12- 4-21 11.785 3.337 60.024 11.679 761.0 
9 4-22- 5- 1 10.386 2 .943 52.940 10.264 770.4 
10 5- 2- 5-11 9 .. 911 2 .780 50.120 10.078 769.7 
11 5-12- 5-21 9 . 911 2.780 50.120 10.078 768.5 
12 5-22- 5-31 9.483 2 .847 50 .182 10.621 780 .5 
Steer 121. Previous Ration, Alfalfa Hay 
1 2- 1- 2-10 14.014 3.268 60.949 21.294 763.5 
2 2-11- 2-20 10.238 2.825 51.044 10.932 762.7 
3 2-21- 3- 2 9.911 2.782 50.120 10.078 731.5 
4 3- 3- 3-12 10.961 3.155 56.590 10 .320 730.3 
5 3-13- 3-22 12.159 3 .447 62.005 11. 999 746.3 
6 3-23- 4- 1 12.225 3.456 62.190 12 . 169 752.8 
7 4- 2- 4-11 12.225 3.456 62 .190 12.169 750.4 
8 4-12- 4-21 11. 785 3.337 60 .024 11.679 757.2 
9 4-22- 5- 1 10 .386 2 .943 52.939 10.264 769.5 
10 5- 2- 5-11 9.911 2.780 50 .120 10.078 767.5 
11 5-12- 5-21 10.009 2 .793 50.397 10 .334 767.5 
12 5-22- 5-31 9.483 2 .732 50.182 10.621 781.5 
Steer 48. Previous Ration, Alfalfa Hay 
1 2- 1- 2-10 14.018 3.273 60.950 20.396 840 .0 
2 2-11- 2-20 10.234 2 .826 51 .041 10 .930 827 . 5 
3 2-21- 3- 2 9 .970 2 .783 50 . 117 10 .077 802 .3 
4 3- 3- 3-12 10.961 3.159 56.587 10.327 807.2 
5 3-13- 3-22 12.156 3 .443 62 .010 11 .994 809 .4 
6 3-23- 4- 1 12 . 666 3 .572 64 .357 12. 661 821.8 
7 4- 2- 4-11 13.109 3.693 66.518 13 . 158 833.2 
8 4-12- 4-21 12.782 3.651 65.595 12.304 838.0 
9 4-22- 5- 1 13.109 3.693 66.518 13 . 158 845.9 
10 5- 2- 5-11 12.841 3 .623 65.221 12. 852 859.0 
11 5-12- 5-21 11.437 3 .240 58.293 11.286 856 .5 
12 5-22- 5-31 10.871 3.287 57.918 11. 777 859.0 
Steer 164. Previously Full Fed Followed by Ten Day Adjustment P eriod. 
1907 
1 5-12- 5-21 14. 751 4 .056 73.380 15.866 914.5 
2 5-22- 5-31 15.616 4.712 83.018 17.095 927.0 
3 6- 1- 6-10 15.322 4.759 83.060 17.467 941.5 
4 6-11- 6-20 14.769 4.563 77.655 17.239 939.5 
5 6-21- 6-30 15. 322 4.759 83.060 17.467 938.0 
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TABLE 12--Continued. 
Nitrogen Average 
Crude Crude Free Crude Weight 
Period Dates Protein Fat Extract Fiber Of 
Consumed Consumed Consumed Consumed Steer 
Pounds Pounds Pounds Pounds Pounds 
6 7- 1- 7-10 14 .611 4 .540 79 .248 16 . 606 959 .5 
7 7-11- 7-20 11 . 709 3.629 63.349 13.498 960.7 
8 7-21- 7-30 11.492 3.569 62 .295 13.101 962.2 
9 7-31- 8- 9 11.429 2 .701 61.929 13.027 968.2 
10 8-10- 8-19 11.429 2.701 61.929 13.027 947.0 
11 8-20- 8-29 12 .698 3.926 63 .274 11.464 947.7 
12 8-30- 9- 8 13 .962 3.940 63.632 9 . 518 945.5 
Steer 197. Previously Full Fed 
1907 
12-28- 1- 6 21.866 7.337 113.352 20.385 1028.3 
1908 
2 1- 7- 1-16 21. 754 7 .642 114 .677 20.316 1052 .9 
3 1-17- 1-26 22 .704 11.086 117 .604 23.524 1070.3 
4 1-27- 2- 5 20 .724 11 .261 108.596 21. 743 1086.1 
5 2- 6- 2-15 16.806 8.719 87 .099 17 . 643 1088.2 
6 2-16- 2-25 15 .888 7.890 80.530 17.595 1085 .7 
7 2-26- 3- 6 13.420 5.934 65 .752 14.735 1093.0 
8 3- 7- 3-16 12 .123 5.257 59.243 13.016 1090.4 
9 3-17- 3-26 12.123 5.257 59 .243 13.016 1095 .9 
10 3-27- 4- 5 12.217 2 .229 64 .480 13 .384 1095.8 
11 4- 6- 4-15 12 .223 2.071 64.756 13.403 1106.8 
12 4-10- 4-25 12 .151 2 .800 63.494 11. 744 1108.4 
Steer 588. Previously Full Fed 
1907 
1 2- 1- 2-10 ·13.557 3 .839 69.091 13.412 1195.8 
2 2-11- 2-20 14.734 4.153 74.813 14 .774 1192.8 
3 2-21- 3- 2 13 .965 3.953 71 .163 13.817 1207.1 
4 3- 3- 3-12 13.571 3.903 70 .056 12.793 1209 .9 
5 3-13- 3-22 13 .314 3 .863 69 .237 12 . 189 1213 .0 
6 3-23- 4- 1 11 . 110 2.911 53.136 13.465 1190.0 
7 4- 2- 4-11 13.065 3.459 62 .989 15.475 1200.5 
8 4-12- 4-21 13.535 3.625 65 .885 15 . 584 1201.0 
9 4-22- 5- 1 13 .398 3.694 66.792 14.307 1199 .0 
10 5- 2- 5-11 16.078 4.527 81.557 16 . 174 1207.0 
11 5-12- 5-21 16.181 4.566 82.239 16 . 200 1225.5 
12 5-22- 5-31 15 .616 4 .712 83 .018 17 .095 1231.5 
Steer 589. Previously Full Fed 
1908 
1 2- 6- 2-15 15.344 7.532 77.208 17.475 1066.5 
2 2-16- 2-25 15 .889 7.891 80.537 17 .595 1071.6 
3 2-26- 3- 6 13 .294 5.916 65.405 14.354 1075.2 
4 3- 7- 3-16 12.124 5.258 59.250 13 .016 1076.4 
5 3-17- 3-26 12 . 124 5 .258 59.250 13 .016 1079 .9 
6 3-27- 4- 5 12.220 2 .231 64.487 13 .384 1084 .1 
7 4- 6- 4-15 12.224 2.072 64.763 13.403 1086.2 
8 4-16- 4-25 12.224 2.072 64 .763 13 .403 1075.0 
9 4-26- 5- 5 12.224 2 .072 64 .763 13 .403 1073.1 
10 5- 6- 5-15 10 .855 1.840 57.569 11 .853 1076.0 
11 5-16- 5-25 10.186 1.727 53.970 11.169 1071.0 
12 5-26- 6- 4 10 . 186 1.727 53.970 11.169 1074.2 
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TABLE 12-Contonued. 
Nitrogen I Average 
Crude Crude Free Crude Weight 
Period Dates Protein Fat Extract Fiber of 
Consumed Consumed Consumed I C_onsumed Steer 
Pounds Pounds Pounds Pounds Pounds 
S teer 595. Previously Pull Fed 
1908 
I 2-26- 3- 6 8 . 134 3.821 43 .199 6.322 610.4 
2 3- 7- 3-16 7 .909 3 .324 39 .906 8.559 605 .4 
3 3-17- 3-26 7.913 3.217 40.089 8.572 594.6 
4 3-27- 4- 5 7.976 1.199 43.581 8 .816 596.7 
5 4- 6- 4-15 7.976 1.199 43.581 8.816 603 .2 
6 4-16- 4-25 7.976 1.199 43 .581 8.816 603.5 
7 4-26- 5- 5 7.976 1.199 43.581 8.816 606.3 
8 5- 6- 5-15 7.976 1 . 199 43.581 8.816 607.2 
9 5-16- 5-25 7 . 976 1.199 43 .581 8.816 610 .6 
10 5-26- 6- 4 7.976 1.199 43.581 8.816 612.2 
11 6- 5- 6-14 7 . 076 1.199 43.581 8.816 616 . 1 
12 6-15- 6-24 7.076 1. mg 43.581 8 .816 616.0 
Steer 597. Previously Full Fed 
1908 
1 2-26- 3- 6 10 .538 4.395 52.990 11.614 734.1 
2 3- 7- 3-16 8.757 3 . 661 44.081 9.601 722.6 
3 3-17- 3-26 8.761 3.543 44 .284 9.615 717 . 1 
4 3-27- 4- 5 8.459 1.278 46.392 9 . 191 718 .2 
5 4- 6- 4-15 8.831 1.324 48.124 9.885 716.1 
6 4-16- 4-25 8.831 1.324 48.124 9.885 719.0 
7 4-26- 5- 5 8.831 1.324 48.124 9.885 713 . 1 
8 5- 6- 5-15 9.911 1.495 54.283 10.833 724 .7 
9 5-16- 5-25 10.253 1.552 56 .288 11.087 742.8 
10 5-26- 6- 4 9.513 1.435 52.113 10 .393 744.4 
11 6- 5- 6-14 9.114 1 .375 49 .935 9.952 740.7 
12 6-15- 6-24 9.288 1 .388 50.488 10 .512 739.0 
less feed before the records were begun. The same is true of steer 
588. Steers 595 and 597 had been full fed and steers 197 and 589 
had been fed all they could eat up to the time of these records , which 
seemed to cause a high maintenance cost for twenty to forty clays 
for the two latter steers. With steers 197 and 589 the higher cost 
does not seem to persist, as will be seen by referreing to the lower 
half of Table 11 where the two groups of steers average practically 
the same for the maintenance cost. 
A study of the data concerning the steers 590, 596, and 598 may 
throw some additional light on this question. They had been full 
fed until 11 months old when they were subjected to a 60-day mainte-
nance trial preceded by thirty days of adjusting themselves to a low 
plane of nutrition ( submaintenance). These steers ranked in the order 
of economy: steer 598 first; steer 596 a very close second; steer 590 
a poor third. These animals can hardly be compared with the others 
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on account of the number of constants that had to be assumed, but a 
comparison of the three, one with the other, is permissible. After this 
trial, followed a three or four months feeding period. Steer 596 was 
full fed, steer 598 was given one-half productive feed , and steer 590 
one-fourth productive feed. After an adjustment period of ten days 
they were put on maintenance for from 240 to 290 days.. A second 
feeding period of five months was followed by a third trial of 110 
days. The data is shown in Table 13. It will be seen that the higher 
plane of nutrition has caused a reversal of the order of economy, the 
most expensive steer becoming the least expensive and vice versa. The 
order is reversed exactly in order of lower plane of nutrition to higher 
TABLE 1 3-EFFECT O F PLANE OF NUTRITION UPON THE CosT O>' :rvIAIN1'ENANCE 
AS SHOWN BY SUCCE S S IVE TRIALS 
Order D a ily D igestible Daily iVIetabolis- Daily Metabolis- Average 
Steer of Nitrogen per able Calories per able Calories p er Live ·weigh t 
Number Econ- 100 grams Active 100 grams Active square meter Pounds 
omy Body Nitrogen Body Nitr ogen Bod y Surface 
First T ri al , 
596 2 0 . 787 160. 7 1,957 463 
598 1 0 . 774 157.7 1,920 462 
590 3 0 . 841 171.6 2,409 609 
Second Trial 
596 3 0.851 178 .2 2,672 865 
598 2 0 . 804 169 . 6 2,182 665 
590 1 0.781 157 . l 2.030 707 
Third Trial 
596 3 0 . 967 188.0 2,777 124 1 
598 2 0.935 184. 0 2,643 927 
590 l 0.853 159.7 2,190 846 
plane of nutrition. The data per unit of blood is not shown here. 
However it gives the same results excepting that steer 596 remains 
a little less expensive than steer 598. Studying the data by shorter 
periods leads to the same conclusions, namely, that a higher plane of 
nutrition results in a higher maintenance cost and the increase in this 
cost is in proportion to the increase in plane of nutrition. Or it might 
be stated reversely that a lower plane of nutrition causes a lower main-
tenance cost. For a further explanation of these figures see Influence 
of Type and Size of Animal Upon the Cost of Maintenance. 
INFLUENCE OF :A.GE OF ANIMAL UPON THE COST OF MAINTENANCE 
The question to be answered here is what influence does the age 
at which an animal is upon maintenance have upon the cost of mainte-
nance, other conditions such as season, plane of nutrition, previous 
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treatment, and type being equal. The "Use of Food" animals throw 
no light upon this question for on referring to Table 11 it is seen that 
these steers were all on maintenance at the same age. The "Regular 
Maintenance" animals, however, were placed upon maintenance at dif-
ferent ages. They all started their maintenance trials in February 
excepting steer 164, which started in May, and steer 197, which started 
in December. Consequently the season of the year was identical for 
all excepting steer 164. Table 14 gives the data for these steers. 
The thin animals ·come first and the fat animals later. The two groups 
are arranged in the order of age, the youngest first. The maintenance 
requirements for each steer are given for the winter and for the spring 
season. Steer 164 is three months later in the year than the others, 
but, as is shown below, the maintenance requirement is less during 
the spring than during the vvinter. In spite of this the steer shows 
a higher maintenance requirement than the older steers during the 
colder season. The next older animals have a lower maintenance 
TABLE 14-EFFECT OF AGE UPON THE COST OF MAINTENAN CE 
D aily Digestible Daily Metabolis- Daily Metabolis-
Steer Age Nitrogen per able Calories per able Calories per Inclusive 
Number Years 100 grams Active 100 grams Active Square Meter D ates 
Body Nitrogen Body Nitrogen Body Surface 
Thin Steers 
164 1 to l! 1.059 254.5 3,450 5-12 to 6-30 
0.894 204 . 6 2 ,772 7- 1 to 9-30 
18 li to 21 0.989 218.0 2,815 2- 1 to 3-31 
0 .809 185.4 2,393 4- 1 to 6-30 
121 l t to 2i 0.991 218.6 2 ,S28 2- 1 to 3-31 
0.791 182.0 2 ,355 4- 1 to 6-30 
48 2! to 31 0 .816 167.2 2,235 2- 1 to 3-31 
0.773 165 . 0 2 ,206 4- 1 to 6-30 
!!'at Steers 
197 1i ton 1.274 273 . 7 4,051 12-28 to 3-31 
0.773 158 . 8 2,351 4- 1 to 6-30 
589 1! to H 1 . 182 255.1 3,782 2- 6 to 3-31 
0.951 198 . 7 2,946 4- 1 to 6-30 
588 2~ to 21 0.995 210.2 3 ,241 2- 1 to 3-31 
1.020 219.3 3,383 4- 1 to 6-3 
cost and the oldest has the lowest cost. The same is shown by 
the fat animals for the winter season, but for the spring season 
the order is reversed. The conclusion can, however, be drawn that 
the maintenance requirement is higher for a young steer than for 
an old steer and decreases with the age of the steer. 
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INFLUENCE OF THE SEASON OF THE YEAR UPON THE COST OF 
MAINTENANCE 
The above table .has shown that the maintenance cost is less in 
the spring than in the winter. \ii/hat effect does the summer and the 
fall have upon this cost? 
In this section of Missouri the climatic conditions are snch that 
the seasons and quarters of the year correspond very well. January, 
February, and March are our cold and often disagreeable months. 
The next three are pleasant. The heat of snmmer runs thruout the 
next three months, lasting well into September. Then follow three 
months of beautiful fall weather. This division of seasons has been 
followed in this study. In order to eliminate the effect of age only 
mature animals will be considered. Table 15 gives the data by seasons 
TABLE 15-EFFECT OF SEASON OF YEAR UPON THE CosT OF MAINTENANCE 
Digestible Metabolisable Metabolisable Average 
Nitrogen per Calories per Calories per Live 
Animal Season 100 grams 100 grams Square Meter Weight 
Active Body Active Body Body Pounds 
Nitrogen Nitrogen Surface 
Steer 18 Jan.-Mar .• 1907 0.989 218.0 2.815 748.9 
Apr.-June 0.809 185.4 2,393 765. 7 
July-Sept. 0 . 773 171.3 2,211 769.4 
Oct.-Dec. 0 . 742 162.7 2,100 788.7 
Steer 164 Jan.-Mar., 1908 0.652 153 . 5 2,081 969.5 
Apr.-June 0.607 141.0 1,910 929.7 
July-Sept. 0.620 143.9 1,950 907.7 
Oct.-Dec. 0.709 167.0 2,264 896.6 
Jan.-Mar., 1909 0.765 179.7 2,436 908.9 
Apr.-June 0 . 738 168.4 2,283 927.7 
Steer 197 Jan.-Mar., 1909 0.808 168.4 2,494 1,076.1 
Apr.-June 0.660 133.3 1,972 1,082 .2 
July-Sept. 0.709 142.l 2,104 1,063.5 
Oct.-Dec. 0.911 173.8 2,574 1,078.1 
Steer 588 Jan.-Mar., 1907 0.995 210 .2 3,241 1,201.4 
Apr.-June 1.020 219.3 3,383 1,216.9 
July-Sept. 0.857 180 . 2 2,778 1,211.2 
Oct.-Dec. 0 . 830 172.2 2,656 1,234.3 
Jan.-Mar., 1908 0.694 151.9 2,343 1,235 . 2 
Apr.-June 0.670 142.3 2,195 1,210.9 
July-Sept. 0.771 164.2 2,532 1,184.6 
Oct.-Dec. 0.775 167.7 2,587 1,189 .6 
Jan.-Mar., 1909 0.823 177 .8 2,742 1,205.7 
Apr.-June 0 . 658 146 . 8 2,265 1,205 .0 
July-Sept. 0 . 770 161.0 2,483 1,203.1 
Oct.-Dec. 0.816 161.6 2,492 1,209 . 1 
Jan.-Mar., 1910 0.795 158 . 8 2,450 1,218.4 
Apr.-June 0.771 154.5 2,383 1,241.4 
Steer 589 Jan.-Mar., 1909 0 . 930 197.2 2,923 1,065.6 
Apr.-June 0 . 681 139.9 2,075 1,073.5 
July-Sept. 0 . 754 153.4 2,275 1,039 . 7 
3 
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for the "Regular Maintenance" animals for which data was obtained 
after reaching two years of age. While the data does not cover the 
same years in every case no great error will be introduced by comparing 
the changes within each year. · 
Steer 18 shows a steady decrease in maintenance requirement 
from winter to spring to summer to fall. This data starts with the 
very beginning of the maintenance trial and the steady decrease may 
be due to the animal accustoming itself to a low plane of nutrition. 
This will be discussed more fully below. 
Steer 164 shows a decrease in the spring from the preceding 
winter's cost, a slight increase ii1 the summer, a greater increase for 
tl:e fall, a further increase for the second winter, and a decrease again 
the next spring. The cost of maintenance for this animal was greater 
the longer it was on maintenance and this was accompanied by a loss 
in weight. As this animal ·was not a steer but a ridgeling there may 
have been sexual disturbances to account for some of this change. 
Steer 197 shows a smaller cost in the spring than in the winter. 
The summer cost is greater than that of spring and less than that 
of winter. The following fall shows the maximum in maintenance cost 
for this animal. 
Steer 588 was on maintenance a long time and the data is shown 
for several years. It is seen that the low cost of each year occurs in the 
spring, excepting the first spring, that the summer shows a cost between 
that of the spring and winter, and that the cost for the fall is some-
times less but generally more than it is in the summer. For the pur-
pose of studying the seasonal effect directly, this steer was, for the 
last year, fed the average daily amount of grain and hay which had 
kept it at about constant weight for the preceding two and one-half 
years. During nine months of this year the cost of maintenance was 
about constant and the average weight remained about the same. 
Then in the last three months (spring of 1910), the steer gained 
about thirty pounds in spite of the fact that a change to a new lot of 
feed actually gave a decreased consumption of nutrients. 
Steer 589 shows substantially the same fluctuations as shown 
by the other animals. 
INFLUENCE OF THE LENGTH OF MAINTENANCE UPON THE COST 
OF MAINTENANCE 
Does a beef animal accustom itself to a low plane of nutrition 
so that the cost becomes less and less? The feeder who has had 
any experience knows that he has found it necessary in maintenance 
trials to repeatedly cut the feed in order to keep the animal from 
gaining weight. 
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Table 15 gives the data which will be discussed in this connection. 
It can be seen on looking thru the table that steer 18 has a constantly 
.lower maintenance cost as the length of time on maintenance in-
creases. True maintenance cost probably decreases more rapidly even 
than is shown, for the animal gained somewhat in weight. 
Neither steer 164 nor steer 197 shows a decreasing cost, but when 
this data is studied in connection with Table 14 it will be seen that 
the cost is less the last six months or a year than it was the first six 
months. Table 15 presents the data for the animals after reaching 
two years of age. Table 14 gives the data for these animals at nine 
months to a year previous. It is not repeated in the fo,rmer table as 
the effect of age needed to be eliminated. 
Steer 588 shows a considerably reduced cost the second year over 
the first year. The third year the cost increases somewhat but it is 
still considerably lower than it was the first. For the fourth year 
the average cost is about what it was during the same seasons of the 
third year. Steer 589 shows a considerably lower cost the last six 
months than was shown during the first six months (Table 14). 
Is this lower cost of maintenance shown here due to maturity 
or to the animal's accustoming itself to a lower plane of nutrition? 
Age has been shown to affect the cost, maturity giving a decreased 
cost. In the case of steer 588 the digestion coefficients shown (Table 
7) for the last three months of the first year are practically the same 
as those shown during the second three months of the second year 
when the cost of maintenance was considerably less. Evidently from 
this data it cannot be said that a greater digestive power has any-
thing to do with the decreased ·cost. Can it be claimed that there is 
a more economical utilization of the nutrients digested? And if so, 
does maturation or mere length of a maintenance trial bring this about? 
The data would tend to show that maturity is accompanied by a more 
economical use of the food digested. But on the other hand, can 
this not be due to the fact that the younger steer is growing and 
consequently needs more nutrients? The young steers used in this 
study all grew in height and width of skeleton while maintained 
at constant body weight. Even the older steers showed some growth. 
When this growth ceases there is set free for other uses some con-
siderable (not negligible) part of the food. This would give a chance 
for increase in flesh (or weight) and would necessitate a cut in fee,d. 
Consequently, with maturity, lower maintenance cost results. 
Again, certain of the older steers were placed upon maintenance 
while very fat. Analysis of some of the fatty tissue at the beginning 
and at the end showed a decrease 1n per cent, and so weight, of fat. 
The appearance of the fat showed the same thing. Consequently in 
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the case of the fatter steers-steer 588 and steer 589-the lower cost 
of maintenance could easily be due to the energy derived from that 
source. In no case was the protein fed a minimum amount and it 
need not, therefore, be considered in this connection. 
Further evidence in regard to the lowering cost of maintenance 
is shown by steer 588. During the last twelve months of his life he was 
fed a ration which was the average of the preceding two and one-
half years maintenance. For the last three months this steer gained 
thirty pounds in weight. Since this gain was in the spring the cause 
may have been entirely seasonal. 
INFLUENCE OF THE TYPE AND SIZE OF THE ANIMAL UPON THE 
COST OF MAINTENANCE 
On account of careful selection of these animals in regard to 
the uniformity of type of beef-producing steer only such differences 
as are due to individuality can be studied here. Referring to Table 9 
it is seen that steer 512 has the highest maintenance cost of all the 
steers. This steer was an exceedingly long and rangy type of animal. 
He was very active and the boss of the group. This steer and steer 
500 were the least thrifty of their respective lots and were graded very 
low in comparative condition by the animal husbandman. They are the 
animals showing the highest maintenance costs .. 
A study was made of the relative activity of four of the "Regular 
Maintenance" cattle during the summer of 1907. Two of the animals, 
steer 121 and steer 48, had been on full feed for twenty and thirty 
days respectively since maintenance. Observations were taken f;r 
five periods of forty-eight hours each between July 29 and August 28, 
1907. The length of time in minutes spent by the animal standing, 
walking, eating, lying, in shade, in sun, and asleep was observed 
and noted. The sum of the lengths of time spent lying, standing, 
and walking totals 240 hours. 
TABLE 16-RELATIVE ACTIVITY OF~STEERS 
Time Time Time Time Time Time Time 
eating lying stand- walk- in in sleep-
ing ing shade sun ing 
Min. Min. Min. Min. Min. Min. Min. 
Steer 588 ... . .. .. .. 577 7,215 7,160 29 3,776 1,009 804 
Steer 18 .... .. ..... 450 7,284 7,047 30 3,204 1,454 590 
Steer 48 ....... .... 1,132 7,255 7,129 19 3,994 663 849 
Steer 121. ......... 1,029 5,741 8,600 21 3,792 847 699 
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The accompanying table shows the data collected. The two most 
noticeable differences are, that the full fed animals spent twice as 
much time eating as the others, and that steer 121 spent much less time 
sleeping and lying and more standing than did any of the other steers. 
In this connection it is best to show some of the data of Table 11. 
Tables 16 and 17 should be studied together. If it is supposed that 
the smaller length of time spent by steer 121 sleeping and lying is 
TABLE 17-EFFECT OF RELATIVE ACTIVITY UPON COST OF MAINTENANCE 
i.. 
"' 
00 4l 4l i.. i'.l e 4l ;:., ., ;:., 
.;,.!:! . ~ ~ ., ...... 'l) 0.. -0 J,·;:: ...;-o ., 0.. 0 ch·;::: cd 
::0 i:: 0 i:: ::=obllOi:: ::= 5 El't ::0 i:: El ·- 0 &.... 'l) o- bll-o 
·- Cl.l • ...0 Q) O(do..O Cl.l o- :::i bl).,_,"' 
·- Q) ctl ..c cd 0 0 Animal ~ ~~~ ~ "7J '-' 0 ., bl) ..c cd • "' cd ..c:: "'c::I ~ b.O ... "'1:::1 4-1 Cl.Ji-I~ 0 j'-'g'::-, .... bl)r:: ~8 ~c Zl ~::12..9 .~zo·.c b cu- ... ·.c .P O,)~ $... "O ~·a; g 
·- 4-1- .0 
Cl.l- L.....c 0·-0 '-'·- ::s ..c ., '-' ·- ;2;..c 4l 0 o·a:.;;;:o ::E ..c ., ._ r:: ..... cd r:: cd 0.. cd r:: cd 0....C <i:: ~ 0.. cd i:l.O 
Steer 588 ....... 0.798 167.9 2,590 1,212 2 .73 574 
Steer 18 .. ...... 0.825 184.2 2,378 767 3.05 681 
Steer 48 .... . .. . 0.790 165 .8 2,217 836 2.93 615 
Steer 121. . . . ... 0 . 866 195.8 2,533 759 3.21 726 
representative of its performance one month previous when on mainte-
nance this greater activity would account for its greater maintenance 
cost as shown in Table 17. Steer 588 weighed from 400 to 500 pounds 
more than the other animals and it spent about the same length of time 
standing. "The expenditure of energy necessary to maintain a farm 
animal in a standing position is proportional to the weight sustained 
and adds a second factor to the maintenance requirement. We would 
expect then that the maintenance requirement for energy would increase 
faster than the surface as the animal gets heavier." The quotation is 
from Armsby but the italics are added by the writer. In Table 17 this 
expectation is borne out by a 10 to 15 per cent increase in calories 
per square meter of body surface for steer 588 over steer 18 and 
steer 48. This effect is not shown in calories per kilogram of blood. 
Some further light is thrown upon this question by Table 18 in 
which is given, for all the steers, the live weight in pounds and the 
maintenance cost in metabolisable calories per square meter of body 
surface. For the "Use of Food" animals the higher cost in these 
units generally accompanies the greater weight of animal. For the 
"Regular Maintenance" animals the showing is quite remarkable as 
the increased weight of steer and increased cost per unit of surface 
area go hand in hand, excepting only steer 121 for which an explana-
tion is given above. 
The "Special Maintenance" steers show the same correlation. 
Steer 596 gaining about 400 pounds between each maintenance period 
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increases its cost per unit of surface quite markedly. Steer 598 with 
smaller increases in weight shows a smaller increasing cost, while steer 
590 with very little gain in weight shows but a slight increase in this 
cost. 
TABLE 18-EFFECT OF WEIGHT OF A N IMAL UPON COST OF MAINTENANCE 
Live / Calories per I Calories per 
Steer Weight square meter kilogram 
Pounds of surface of blood 
Use of Food Group 
500 855 2,590 697 
500 918 2,517 661 
502 993 2,653 714 
507 1,015 2,585 639 
509 847 2,699 
512 1,048 2,917 760 
512 1,242 2,860 710 
524 725 2,292 646 
526 843 2,717 
Reoular Maintenance Group 
18 767 2,378 681 
48 837 2,217 615 
121 759 2,533 726 
164 934 2,356 618 
197 1,081 2,472 651 
588 1,212 2,590 574 
589 1,065 2,699 603 
595 609 2,184 700 
597 736 2,217 721 
Special Maintenance Group 
596 463 1,957 687 
598 462 1,920 674 
590 609 2,409 733 
596 865 2,672 670 
598 665 2,182 688 
590 707 2,030 595 
596 1,241 2,777 731 
598 927 2,643 746 
590 846 2,190 605 
There "seems to be no correlation between the weight of the 
animal and the energy consumed per unit of blood. 
All the data confirms the statement of Armsby quoted above. 
If the weight increases faster than the surface area we will find 
s 
a decrease in the value · -- as the animal gets heavier. This is 
wt 
borne out by the data in Table 21 where the value increases with 
the leanness of the animal. · Two factors then work together toward 
a higher cost of maintenance per unit of surface area as the steer 
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grows heavier, namely: first, the energy necessary to support the 
body is proportional to the weight sustained and not to the surface 
area; and second, the weight increases faster than the surface area 
causing an increase in energy per unit of surface area. 
The facts just brought out throw additional light upon the data 
in Table 13. At each succeeding maintenance trial the full feel steer 
(steer 596) had some 400 more pounds of weight to carry around, 
the medium fed steer (steer 598) had 200 and 250 more pounds of 
weight to carry, and the scantily fed steer (steer 590) had only 100 
and 150 more pounds to carry around. This will explain part, at 
least, of the increase in the cost of maintenance in the direction of 
the heavier weight. Steer 588, Table 17, showed a 10 to 15 per cent 
increase in energy requirement with 400 to 500 pounds of additional 
weight over the other animals. Steer 596 in the second trial shows 
an increase of 36 pet cent in energy cost referred to surface area, 
leaving a considerable margin of increase of cost which can be due 
to the previous high plane of nutrition. The second increase is only 
a further 4 per cent for 380 pounds. Steer 598 shows increases of 
13.6 and 21.4 per cent. On the other hand, the steer that gained but 
little weight showed a decrease in this cost. 
COMPARISON OF THE UN1TS HERE USED WITH THE ACCEPTED 
UNITS IN USE 
It is granted at the start that a feeder would have difficulty in 
applying the figures and results discussed above. Eight-tenths of a gram 
of digestible nitrogen per 100 grams of active body nitrogen does not 
sound like six-tenths of a pound of digestible protein per thousand 
and still less like seven pounds of grain per day. The animal husband-
men assisting in this study were using as maintenance rations for the 
steers at the start of this experiment the following amounts of fe :d: 
Weight of Steer 
750 pounds 
1000 pounds 
1250 pounds 
TABLE 19 
Feed per 1000 lbs. of steer 
7. 50 lbs. grain 3. 75 lbs. hay 
7. 00 lbs. grain 3. 50 lbs. hay 
6. 50 lbs. grain 3. 25 lbs. hay 
This was an attempt to correlate the feed consumed with the 
weight of the animal. But the question arises, when between the 
weights of 750 and 1000 pounds does one change from 7.50 pounds 
of grain to 7 pounds? Furthermore, is it proposed that a very fat 
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steer weighing 1000 pounds needs the same feed for maintenance 
that a very thin steer weighing 1000 pounds needs? 
Armsby proposes for a 1000-pound steer a maintenance ration 
of 0.5 pounds of digestible protein and 6 therms of energy daily. 
He gives a sliding scale for the protein (Farmers' Bulletin 346, p. 16) 
and recommends (Penna. State Coll. Bulletin 111) that the energy 
requirements be figured from this equation: 
=T ~ ( 1000) 2 
T1000 a a 
The equation is, of course, derived from the mathematical law that 
the surface of like geometrical figures are in the proportion of the 
two-thirds power of their volumes 
~=( V, )f 
s. v. 
Supposing the specific gravity to be the same for all steers we 
have this equation: 
or 
S,=S. [y, (sp. gr.) ] -} 
V. (sp. gr.) 
( W, )t s,-s. w. 
If we multiply the surface area by the heat lost per unit of surface 
per day we get 
This becomes 
or 
( W, )t s,c-s.c w. 
T T ./(1000) 2 
IOOO a iJ a 
where the weights compared are 1000 pounds and "a" pounds. The 
equation of Armsby then correlates the energy requirements with 
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the surface area. It assumes the same specific gravity and similar 
geometric shape for all animals compared by its use. 
In the light of the maintenance studies discussed in this bulletin 
it is claimed that the mass of active tissue and the surface area of a 
beef animal are the best units of reference for maintenance costs. 
It is reasonable to state that the cost of running the body machine 
is proportional to the total mass of active cells or active tissue to be 
kept running, or that the heat (energy) necessary to maintenance will 
depend upon the amount of heat (energy) lost daily by radiation and 
so will vary with the surface from which radiation takes place. The 
advocates of the other forms of units for maintenance requirements 
recognize the truth of these statements as their units are an attempt to 
refer the cost of maintenance to the same factors as here used. 
For nutrition investigations that do not permit of the measure-
ment of the active tissue and surface area a number of constants and 
formulae are here proposed. 
The approximate empty weight can be calculated by means of the 
following average per cents : 
TABLE 20-PER CENT OF EMPTY WEIGHT 
Show cattle .................... 92-94 per cent of live weight 
Fat cattle..... .. ... . . . . . . . . . . . . 91 per cent of live weight 
Medium cattle ............... ... 89-90 per cent of live weight 
Thin cattle .... .. ............... 87-88. 5 per cent of live weight 
From this empty weight the weight of active tissue can be calcu-
lated by means of the following average per cents: 
TABLE 21-PER CENT ACTIVE BODY NITROGEN 
Mature (over 2 yr.) fat cattle .. . . . 1.4 per cent active nitrogen 
Young fat cattle ... .. .... ......... 1 . 8 per cent active nitrogen 
Medium cattle ........ . .......... 1. 87 per cent active nitrogen 
Thin cattle ..... . .......... . .. . . . 1 . 95 per cent active nitrogen 
Multiplying the active nitrogen by the constant 6.25 the active 
protein can be obtained. Multiplying by a second constant would 
give the fresh active tissue, but the active nitrogen is a good measure 
of either. 
The surface area can be calculated from the empty weight by 
means of the equation S = K w i. When S is expressed in square 
centimeters and W in grams we have the following values for K: 
TABLE 22-THE VALUE OF K 
Condition K 
Old Fat Cattle ..... . . . . .. .......... 7. 65 
Young Fat Cattle ..... . . . .... . ...... 8.57 
Medium Cattle .... . ... . .. .. ...... . . 9.41 
Thin Cattle ........... . .. .. . . ...... 9 . 92 
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Now if the feed fed is well sampled and carefully analyzed and 
digestion trials are well conducted all the data will be at hand for 
the calculation of maintenance costs to the basis used in this study. 
It is strongly recommended that digestion trials be run and that no 
factors of digestibility be assumed. Table 8 gives the factors for 
converting digestible nutrients into energy. 
From the average figures shown in Table 10, calculate the equiva-
lent in terms of protein and therms per thousand pounds live weight. 
The average live weight, 903 pounds, is 89.5 per cent empty weight, 
which is then 808 pounds. The active nitrogen is 1.85 per cent of 
this or 14.95 pounds. It requires 0.826 grams of digestible nitrogen 
per 100 grams of active body nitrogen, or 0..826 pounds per 100 pounds. 
The 14.95 pounds of active body nitrogen will then require 0.1235 
pounds of digestible nitrogen, which multiplied by 6.25 gives 0.772 
pounds of digestible protein per day for a 900-pound steer. Armsby 
proposes 0.50 pounds for a 1000-pound steer. 
It requires (Table 10) 170 calories per 100 grams active body 
nitrogen. This is the same as 0.170 therms per 100 grams or 1.700 
therms per kilogram. Since a kilogram equals 2.205 pounds the above 
equation is equivalent to 1.700 divided by 2.205, or 0.771 therms per 
pound of active nitrogen. It was shown in the preceding paragraph 
that there were 14.95 pounds of active body nitrogen. This makes 
the total therms equal 0.771 X 14.95, or 11.53 therms per day for a 900-
pound steer. Armsby shows that only about 56.24 per cent of this 
metabolisable energy is available for maintenance. This makes, then, 
6.48 therms of energy per clay for a 900-pound steer. Armsby pro-
poses 6 therms for a 1000-pound steer. 
It requires (same table) 2435 calories per square meter of body 
surface. The average _value for K is 9.15 and the empty weight is 
808 pounds, or 366.500 kilograms. Since S = K W~ . we find the 
surface area to be 46,860.2 square centimeters or 4.686 square meters. 
This makes a total of 4.686 X 2435, or 11,410 calories. The therms per 
day are, then, 11.41, 56.24 per cent of which is 6.42 therms available 
for maintenance for a 900-pound steer. Armsby proposes 6 therms for 
a 1000-pound steer. 
A complete comparison with the usual standards is shown in 
Table 23 where all the data has been calculated to the 1000-pound 
basis. Following the average daily consumption per day the cost per 
thousand pounds is first figured by direct proportion. The extreme 
variations are greater than those shown in Table 9. The average 
protein per thousand pounds is 0.882 pounds and the average energy 
is 12.92 therms and 7.27 therms for the metabolisable and available 
energy respectively. In the last three columns the cost per thousand 
TABLE 23-MAINTENANCE COST OF CATTLE-POUNDS OF PROTEIN AND THERMS 01!" ENERGY PER THOUSAND POUNDS OP STEER 
By Direct Proportion According to Method of Arms by 
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500 3 140 Ill 918 0.990 12.79 7.20 1.078 13.93 7.84 1.027 13.54 7.62 
502 2 .25 180 II 993 0.901 12.50 7 .03 0 .907 12.591 7 .08 0.904 12.56 7 .06 
507 2.5 153 II 1,015 0 . 963 12 . 97 7.30 0 . 949 12 . 78 7.19 0.957 12 . 84 7.22 
509 2.5 120 III 847 0.955 12.26 6.90 1.128 14.471 8.15 1.016 13.70 7.70 
512 2 . 75 80 II 1,048 I. 185 15. 93 8. 96 1.131 15. 20 8 . 55 1.166 15 .44 8. 68 Ave~~e . 3" .... i24" .... . ii ... .... "i.242' .. . i:2i3' ... i7 :i7 ... "9:66 ' { ~ : ~~i b:::~ { ~: ~~5 { i:i~~ { i! : ~~ h:~~ 
524 2.5 180 III 725 0.774 9.97 5 . 61 1.067 13.75 I 7.74 0 . 884 12 . 35 6.95 
526 2 90 II 843 0.947 12.79 7 . 19 1.123 15.17 1' 8 .53 1.010 14.33 8 .06 
18 2 284 Thin 767 0 . 656 10.63 5.98 0.855 13.86 I 7.80 0 . 794 12.69 7.14 
48 3 150 Thin 837 0.696 10 . 60 5.96 0.831 12 . 66 I 7.12 0 . 761 11.94 6.72 
121 2 160 Thin 759 0.692 11.35 6.38 0 . 912 14.95 • 8 .41 0 . 788 13.64 7.67 
164 1 760 Fair to Thin 934 0 . 662 11.15 6.27 O. 709 11 .94 6. 71 0.688 11.67 6.56 
197 1 737 Good 1,081 0 . 878 13.06 7.34 0 .812 12.08 6.79 0 . 846 12.40 6.97 
588 2 1245 Fat 1,212 0 .801 12 . 23 6 .88 0.661 10.09 5.68 0.716 10.76 6.05 
589 1.75 580 Fat 1,065 0.773 11.78 6.63 0 . 726 11.06 6.23 0 . 747 11.30 6 .36 
595 1 362 Fatatll 607 0.504 7.98 4.49 0.830 13.15 7 .40 0.661 11.13 6 .26 
months 
597 1 188 Fatatll 736 0.600 9 .49 5 . 331 0.815 12 . 89 7.24 0.705 11.64 6 . 55 
months · 
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TABLE 23-MAINTENANCE COST OF CATTLE-POUNDS OF PROTEIN AND THERMS OF ENERGY PER THOUSAND POUNDS OF STEER 
By Direct P roportion According to Method of Armsby 
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1 60 Thin 463 0.389 5 .77 3.24 0.840 12.46 7 .00 0 .604 9 . 65 5.43 
1 60 Thin 462 0 .382 5.65 3.16 0 .827 12 .23 6.84 0 .597 9 .45 5.31 
1 60 Thin 609 0.547 8.10 4 .56 0 .898 13.30 7.49 0.703 11.27 6.34 
2 240 Good 865 0.690 10.48 5.90 0.798 12.12 6.82 0.744 11 .54 6.49 
2 290 Fair 665 0 .556 8.51 4.79 0.836 12 .80 7 .20 0 .690 11.17 6.28 
2 280 Thin 707 0.596 8.71 4 .90 0.843 12 .32 6.93 0.713 10.98 6.18 
3 110 Fat 1,241 0.979 13.81 7.77 0 .789 11 .13 6.26 0.883 11.96 6.73 
3 110 Fair to Good 927 0.901 12.86 7 .23 0 .972 13 .87 7.80 0 .930 13.53 7.61 
3 110 Thin 846 0.779 10.58 5.95 0.921 12.51 7 .03 0.841 11.83 6.65 
.. . .. . .. . ....... . .... . ..... . .. .. ... . ... . ..... . ... .. .. . ..... .. .. . 0.889 12.92 7.27 0.814 12 . 13 6.82 
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pounds has been figured according to Armsby's formula and table. 
The energy has been considered proportional to the two-thirds power 
of the live weight. The protein consumption has been figured on the 
basis of each 250 pounds increment in weight requiring an increase 
of one-tenth pound of protein. This is derived from the table given 
in Farmers' Bulletin 346, page 16, where between the weights 250 
and 1250 pounds this increment is shown. On this basis the averages: 
for a 1000-pound steer are 0.814 pounds of digestible protein daily 
and 12.13 therms and 6.82 therms of metabolisable and available energy 
respectively daily. The extreme variations are worse than by the first 
method. 
In order to see the effect of this method of calculation upon the 
conclusions arrived at above the data concerning steers 596, 598, and 
590 will be studied. According to Table 23 steer 590 is the least 
economical during the first trial and the most economical during the 
second and third in respect to energy cost, but in respect to protein cost 
it is third, second, and first only in the last trial. The data is not as 
convincing as in Table 13. However, when the percentage increase is 
considered the same conclusions will follow as were deducted above. 
. From a study of Tables 16 and 17 steer 588 was shown to have 
an increased cost per unit of surface area on account of having 
400 to 500 more pounds of weight to carry. The data in Table 23 
shows this steer to be more economical in energy consumption referred 
to the two-thirds power of the weight than any of the three steers 18, 
48, and 121, a conclusion which is directly opposite to the previous 
conclusion. 
Table 11 shows that the fatter animals had little or no advantage 
over the thinner steers in respect to maintenance cost. Using the 
data of Table 23 for the same steers the following averages are 
obtained. 
TABLE 24 
Digestible protein Energy 
per 1000 pounds per 1000 pounds 
pounds therms 
"Use of Food" Animals 
Thin 0.977 
Medium 1. 004 
"Regular and Special Maintenance" Animals 
Thln 0.7~ 
Fat to medium 0.735 
13.26 
13. 72 
12 .485 
11.446 
Here it is seen that the thin animals among the "Use of Food" 
group cost less than the fatter ones while the maintenance cattle show 
an appreciable saving for the fat animals. 
It would seem, therefore, that by referring the cost of mainte-
nance to the two-thirds power of the live weight and proportioning 
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the protein as shown above some of the vital comparisons are mq.de 
of doubtful value. 
CONCLUSIONS 
1. The mass of active body tissue, measured by the active body 
nitrogen, is a good medium of reference for maintenance costs. 
2. The relative surface area of cattle is a measure of the relative 
energy needs. 
3. The proportion of surface area to the two-thirds power of 
the live weight is shown to vary with the condition of the animal, but 
to be fairly constant for a given condition. 
4. The specific gravity of the blood of beef cattle is shown 
to be fairly constant with an average value of about 1.0510. Poorer 
nutrition seems to give a lower specific gravity. 
5. The proportion of blood to animal is shown to vary with the 
condition of the animal but to be fairly constant for a given condi-
tion. 
6. An average consumption of 0.826 grams of digestible nitrogen 
and 170 metabolisable calories of energy per hundred grams of active 
body nitrogen per day are sufficient for maintenance. The consump-
tion of energy per square meter of surface was 2435 calories per 
day. 
7. Per kilogram of blood it required 3.31 grams of digestible 
nitrogen and 667 calories of energy. 
8. In the customary units per thousand pounds, 0.889 pounds 
of digestible protein and 12.92 therms of metabolisable energy suf-
ficed for maintenance. 
9. Condition alone seems to have no effect upon the cost of 
maintenance. 
10. The cost of maintenance is high after a previous full fed 
period and the higher the previous plane of nutrition the greater this 
increase in cost. 
11. The cost of maintenance decreases with increasing age. 
12. The cost of maintenance is least in the spring and greatest 
in the winter. During the other seasons it is intermediate. 
13. A long maintenance trial seems to cause a lowering cost, 
but age and previous treatment are strong contributory causes. 
14. Greater activity causes a higher maintenance cost. 
15. Poor thrift and high cost of maintenance seem to go together. 
16. The heavier the animal the greater the cost of maintenance · 
in energy per unit of surface area. This is due to a relatively smaller 
surface area as well as to the heavier weight sustained. 
THE MAINTENANCE REQUIREME N T OF CATTLE 47 
48 J\IISSOUR[ AGR. EXP. ST A. RESEARCH BULLETIN NO. 18 
I 
i 
i [STEER 18 i . . 
1SEPT. 28-07 I . 
/349.6 KILOS 
THE MAINTENANCE REQ UIREMENT OF C:\TTLE 49 
50 MISSOURI AGR. EXP. ST,\ . RESEARCH BULLETI N NO. 18 
THE MAINTEN AN CE REQUIREME NT OF CATTLE 51 
52 MISSOURI AGR. EXP. STA . RESEARCH BULLETIN NO. 18 
THE MAINTENANCE REQUIREMENT OF CATTLE 53 
54 MISSOURI AGR. EXP. STA . RESEARCH BULLETIN NO. 18 
THE MAINTENANCE REQUIREMENT OF CATTLE 55 
56 MISSOURI AGR. EXP. STA. RESEARCH llULLETIN NO. 18 
THE MAINTENANCE REQUIREMENT OF CATTLE 57 
58 MISSOURI AGR. EXP. STA. RESEARCH BULLETIN NO. 18 
THE MAINTENANCE REQUIREMENT OF C!\TTLE 59 
60 MISSOURI ,\GR. EXP. STc\ . RESE,\RCH DULLETIN NO. 18 
THE MAINTENANCE REQUIREMENT OF CATTLE 61 
62 MISSOURI AGR. EXP. STA . RESEARCH BULLETIN NO. 18 
